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ABSTRACT 
Mangrove wetlands are an integral part of the 
estuarine-coastal ecosystem. Because of their location on the 
estuarine land-water interface, they form a link between the 
terrestrial and aquatic ecosystems and are responsive to both 
these environments. They are a dynamic, self-maintaining 
system dependent upon geomorphological and biological processes 
for their survival. 
For effective management and conservation programmes 
for the mangrove ecosystem and the dependent fauna, particularly 
the estuarine and coastal fisheries, the dynamics of the system 
need to be studied in more detail. While the biota within the 
mangrove ecosystem, their biogeography, etc., are fairly well 
known, the trophic relationships need more research. As the 
mangroves, because of their structure, physiology and location, 
are responsive to human activities in the catchment area, there 
is a need also to understand the mechanism and magnitude of the 
response to the various stress factors. 
To evaluate the impact of man, it is important to 
look at mangrove wetlands as an open ecosystem with no precise 
boundary, and mangroves as a part of the wider trophic 
relationships in the aquatic ecosystem. 
For an effective conservation programme, the mangrove 
wetlands should be considered to be a part of terrestrial as 
well as aquatic environments. Given the nature of the existing 
institutions and legislations, and the present state of 
knowledge about them, the conservation of wetlands could be 
carried out by the state, with assistance from the Federal 
Government. However, the institutions will have to move away 
from their single purpose objectives and actions and adopt a 
broader environmental perspective. 
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INTRODUCTION 
Numerous studies on mangroves have recently been carried 
out. However, they have mainly been concerned with the bio-
geography, physiology and biology of various mangrove species 
and their dependent fauna (see the bibliographies compiled by 
Chapman 1977; van Tine and Snedaker 1974). These efforts have 
resulted in valuable contributions to an understanding of a 
number of aspects of the mangrove ecosystem (Chapman 1977; 
Macnae 1968; Reimold and Queen 1974). But few of them have 
looked at mangrove wetlands as a part of a wider terrestrial 
and aquatic ecosystem. This study draws on the available 
literature to understand the mangrove ecosystem as a fully 
integrated, self-maintaining unit which depends on physical, 
geomorphological and biological processes for its survival. 
The mangrove ecosystem is an open system (Lugo and 
Snedaker 1975) as depicted in Figure l; The energy flows from 
the sun through mangrove plants to the fauna associated with the 
mangrove and contiguous ecosystems. As mangroves are on the 
land-water interface, they are important both for the stability 
of the foreshores and as sources of energy and nutrients - for 
the fauna. The mangroves utilize the solar energy and the 
nutrient inputs from terrestrial and aquatic surroundings, and 
provide a continuous source of litter. The litter then forms 
the basis of the food chain in the soil as well as in the 
aquatic media. 
Section 1 of this paper discusses the role of mangroves 
in maintaining foreshore stability and in the supply of 
nutrients and energy to the dependent flora and fauna. The 
-FIGURE I MODEL ILLUSTRATING THE MAJOR ENERGY (NUTRIENT) STORAGES AND 
FLOWS IN THE MANGROVE ECOSYSTEM; POTENTIAL STRESSES ARE 
INDICATED IN DOTTED LINES . ( Adapted from Lugo and 
Snedaker 1975) 
SU 
., - ' 
I \ 
I Channe l-
1.zation I 
\ d!ld I 
, Drain,~cfe 
, 
' 
""' ... .,;P ' 
/ Excess 
' 
, Nutrie nt \ 
' 
' \ a nd r- \ ... Organi c .. 
... \ / 
.. - .) .aa_tt.» r .C.. ... .. 
.; .. 
...... ... 
.; 
' 
/ 
.; 
' 
- -,, .; 
' 
..... 
' / 
' ' / ,, \ , 
' / / \ 
I / \ , 
I 
' / 
-
-
\ 
I , ' I • 
' I I Pollutant" 
I _ .J\Herbic ide r' .... 
' J , I ' 
' I 
, 
' 
, 
' I' 
- r ' I , 
' I ~ ' 
I \ 
, 
" ,, 
' 
, 
/ 
\ 
\ 
\ 
,, ,, 
I , 
' 
' In fill 
' ,'!!Id 
' ' f e clamati7n ' 
' 
..... / 
' - I 
' .... I ... 
... 
-' ... 
... 
I , 
' 1 Sediment \ \ 
I and I I \ 
' Frcshwatej \ I I 
' 
1111,JUt, \ I 
.. I 
-~ I I 
' 
' 
I I 
' I 
I \ -. 
' 
\ 
' 
I 
\ / I 
' 
/ I \ / I 
' \ 
' 
, I 
/ \ 
' 
/ I I I 
' 
,I 
I I \ 
' 
, 
- -
, , 
' 
, 
' 
/ \ / / 
' 
I 
' ' 
, / 
' 
' 
The rmal 
, 
," / 
/ / \ 
" Wate r , \ , / 
' ' " 
' 
/ 
' 
/ 
... / 
/ 
... ; 
.... / 
..... .., 
..... _. 
..... 
-- -
-
KEY: EXTER~AL 0 6-PASSIVE SOU RCE STORAGE rlU LT I P LI t k 
2 
\ 
' 
' 
\ 
'\ 
\ 
\I 
' 
1 EXPOR1 
I 
I 
I 
~ RErn !''" , 21r rM 1 LJJ SS 
importance of mangroves to commercial fisheries is also 
discussed. 
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Because of their physiological processes and geographic 
location in the estuarine foreshores, mangroves are responsive 
to changes in both ·terrestrial and aquatic environments. 
However, with the increase in human population, urban 
development and associated technological manipulations, a 
variety of changes in the environment has led to numerous 
stresses on the mangrove ecosystem. These are indicated in the 
model (Figure I). The stresses, the mechanisms through which 
their effects are realised, and the effects of the stresses on 
the mangroves and associated fauna, are discussed in Section II. 
For some of the processes, the literature available is 
immense; hence reference is made mainly to review articles. The 
conclusions about some of the impact of human activity on mangrove 
wetlands, are based generally on literature available on 
estuarine systems. Where data is available, the Hawkesbury 
River has been used to illustrate some of the points raised 
in the discussion. 
The destruction of wetlands has been further accentuated 
by lack of rational planning and development. Planning of 
land use has been rational in the sense that it is an approach 
to decision-making Involving the orderly consideration of a 
project from the original statement of purpose through the 
evaluation of alternatives to the final decision on a course 
of action (Fisher 1980). However, in practice it has been 
highly 'irrational' since it has been carried out with single 
purpose, short term, myopic objectives in mind. Section III 
deals with the legal and institutional aspects of wetl and 
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conservation. It discusses in detail the legislations and 
types of decisions made in New South Wales which have either 
encouraged the destruction of the wetlands or, unwittingly, 
contributed to it. And finally it dwells on the protection 
of wetlands which could be possible through adequate planning. 
In this context, the question of the involvement and role of 
the Federal Government is also raised. The nature of the 
subject at hand requires close reference to the legal documents; 
hence a different from of referencing - footnoting - has been 
used. 
Mli.NGROVES 
SECTION I 
MANGROVES: THEIR I!,:PORTANCE AND ROLE 
IN THE MANGROVE ECOSYSTEM 
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The term 'mangrove' is generally applied to individual 
species, or to the vegetation dominated by gregarious trees, 
with their characteristic root formations, which inhabit 
inter-tidal areas. It is apparently derived from 'mangle 
groves' ( Macnae 1968), and as noted by Jones (1971), it 
initially referred to Rhizophora ma.ngle, a common plant species 
on the tropical and subtropical coasts of Africa and America. 
In this essay, 'mangrove' is used to refer to the individual 
genera and species, while 'mangle' refers to mangrove forests. 
Mangle finds its optimum development in the tropics 
but it also extends into the subtropics. It reaches its 
geographic limits in the warm temperate areas, with temperature 
as the limiting factor (Chapman 1977; Walsh 1974). However, 
locally, the proper development of mangrove forests is found 
around coastlines with soft fine grained substrates (Bird 
1972; Chapman 1977) and with low-energy wave action (Jennings 
and Coventry 1973; Thom et al. 1975; Ward 1967). The optimum 
growth of mangrove plants is found in saline conditions (Macnae 
1966; Saenger and Hopkins 1975) though the mangrove 
species are not obligate halophytes (Clark and Hannon 1970). 
In Australia, mangal vegetation is found to extend 
along 6,000 km of the coastline (Saenger et al. 1977) covering 
an area of 11,550 km2 (Table I). 
The mangal forests show their greatest development, both 
in species diversity and extent, in northern tropical Australia 
TABLE 1 EXTENT OF MANGROVES IN AUSTRALIA (km2 ) ( after Galloway 19? 9) 
State Area 
Queensland (mainland+ islands) 
Northern Territory (mainland+ islands) 
Western Australia 
South Australia 
New South Wales 
Victoria 
4,602 
4,119 
2,517 
201 
99 
12 
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where 27 species of trees belonging to 14 families of angiosperm 
have been recorded (Saenger et al. 1977). Progressively fewer 
species, occupying smaller areas, are found in subtropical 
regions while only one species, Avicennia marina, extends in small 
pockets to temperate Australia ( see Map 1) . 
While mangal vegetation decreases in species, number, 
and area occupied, tidal salt marsh, in contrast, becomes more 
complex in structure and increases in species number from 
tropical to temperate regions. Tidal salt marsh in the temperate 
region is said to be the equivalent of the mangal communities 
in the tropics (Chapman 1976), and mangal and salt marsh 
intermingle in subtropical and warm temperate areas (see Map 1). 
IMPORTANCE OF MANGROVE ECOSYSTEM 
Direct Utilization 
Mangal forests have been exploited by man for many 
reasons. Walsh (1977) quotes a number of research workers 
who referred to the early uses of mangroves. For example, 
mangrove seedlings were used during early periods (325 BC, 
305 BC) as aphrodisiac (Bowman 1917), and as food (Sloane 1725). 
Mangrove bark was utilized for tanning and dye (Sloane 1725, 
Watson 1928). Mangroves were also used as food, fuel, medicine 
and for tanning leather (Abou'l Abbas en-Nebaty 1230; 
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Mangrove - saltmarsh biogeographic zones in Australia, 
labelled as INE, IN, 2W, 2G, 2E, 3, 42, 4E, SW, SE, 6 and 7. 
The numbers of species of mangrove trees, of mangrove trees 
plus understorey, and of saltmarsh plants found in each zone 
are shown as follows: 
Zone INE 27 tree species/37 tree plus understorey specie s 
+ 6 saltmarsh species, i.e., INE 27/37 + 6. 
(after Saenger et al . 1977). 
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Oviedo 1526). More recently, mangroves have been used as wood 
for the construction of houses, ships, etc. (Crossland 1903; 
Macnae 1968). In Nalaysia, they have been used for firewood, 
timber, dyebark and tanbark; and its leaves for wine and 
thatching houses (Watson 1928). Mangroves in Australia were 
also, in the earlier days, put to similar uses (Table 2) 
(Jones 1971). 
TABLE 2 USES OF MANGROVE PLANTS IN AUSTRALIA ( Jones 19? 1) 
Acanthus ilicifolius 
Aegialitis annulata 
Aegiceras corniculatu.m 
Avicennia eucalyptifolia 
Avicennia marina 
Bruguiera parviflora 
B. exaristata 
B. gymnorrhiza 
Ceriops tangal 
Exocoecaria agallocha 
Lumnitzera liltorea 
Nypa fruticans 
Osbornea octodanta 
Rhizophora apiculata 
R. mucronata 
Sonneratia alba 
Xylocarpus granatwn 
Mangroves (general 
reference) 
Ornamental shrub 
Cultivated 
Tanbark for fishnets; honey 
Boat keels and elbow 
Boat keels and elbow; mallets 
Tanbark; poles; fish traps 
Tanbark; poles, rafters; fish traps 
Tanbark; fishnets; toughen ropes 
and sails (ACF 1972) 
Tanbark; fishnets; bleached roots 
used as ornaments 
Interior carpentry 
Beautiful flowers 
"Toddy" from fruit 
Insect repellent 
Timber; net racks; tanbark; rough 
building; firewood 
Timber; tanbark 
Canoe building; ornamental shrub 
Cabinet wood; boat keel 
Manufacture of soap (NSW Governor's 
Despatches 1828, quoted in Blacker 
197 8) 
Today Aegiceras sp. provide an important commercial honey 
source in southern Queensland, and Avice nnia mar~na is a 
supporting species (Blake and Roff 1958). 
Indirect Uses of Mangroves 
Apart from being of direct use to man, mangroves 
are also valuable as land builders, shoreline stabilizers, and 
energy and nutrient sources to the dependent flora and fauna. 
I. 
(· 
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The role of mangroves as land builders has been 
debated; however it is generally accepted (Chapman 1976) that 
the prop roots or pneurnatophores hasten the silting process only 
after the sediment bed has been raised to a level suitable for 
mangrove colonization. Mangrove roots aid further accumulation 
of sediment with subsequent build up of soils (Macnae 1967; 
Thorn 1967; Walsh 1974). Mangroves have been known to act as 
shoreline stabilizers (Fox 1974) and as "filters" by trapping 
silt, thus keeping the deeper areas free from sedimentation 
(Bird and Barson 1975). 
They can, to some extent, also act to dampen the wave 
energy of tropical hurricanes (Carlton 1974; Craighead and 
Gilbert 1962; Savage 1972) and those generated by boats 
(Scholer 1974). Further, sediments under rnangal forests can 
"purify" water by removing nutrients from it (Nedwell 1974) . 
The fine clay mud under the mangrove plants, being high in 
organic matter, adsorb nutrients such as nitrates and phosphates 
under aerobic conditions (Odum 1970b; Pomeroy et al. 1966). 
The nutrient "trapping" by the soil is further aided by 
estuarine circulation. Because of the combination of horizontal 
ebb and flow of water caused by the tide and the vertical 
movement of water masses of different salinities, there is a 
tendency for nutrients (and fine suspended matter) to sediment 
out (Cameron and Pritchard 1963). This natural process of 
filtration has been put to use when rnangal wetlands have been 
used as tertiary sewage "treatment plants" (Gutteridge, Haskins 
and Davey 1975; Hegerl 1979). 
The dependence of commercially important fish and 
shellfish on mangrove wetlands has been described by Heald and 
Odum (1972) and Sashtrakusumah (1971). The annual value of the 
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commercial landings of "mang le dependent" fish and crustaceans 
in Florida has been estimated to be several million dollar s 
(Robas 1970). In Australia, the value of mang rove swamp has 
been roughly estimated at $300 per acre (Harrison 1967). 
Additionally, the mangrove ecosystem supports a wide 
range of birds (Goodrick 1970; Hegerl and Timmins 1973; 
Hutchings 1973; Saenger et al. 1977). While most of the birds 
are visitors or migrants, some of them utilize mangrove and 
saltmarsh wetlands as integral parts of their habitat (Saenger 
et al.1977; SPCC 1979b). In Malaysia and Indonesia, they have 
been used for mariculture of prawns, crabs and fish (Macnae 
1968; Schuster 1952). Mangrove wetlands have also been used 
for the cultivation of oysters (Bacon 1971). 
Thus it is evident that the mangrove ecosystem is a 
valuable natural resource and if managed properly, could provide 
aesthetic beauty as well as support fishery and bird life. 
MANGROVE ECOSYSTEM AND TROPHIC RELATIONSHIPS 
The interest in, and study of, mangroves has been 
concentrated on their physiology, biogeography and general 
biology (see review articles by Chapman 1976, 1977; Macnae 
1967, 1968; Walsh 1974) rather than on their place in a larger 
regional coastal ecosystem. The works of Odum (1970a) and Heald 
(1969) give detailed discussions of the characteristics of the 
mangrove ecosystem which is an open system with respect to both 
energy and matter (Lugo and Snedaker 1975). Figure I illustrates 
this. 
The mangrove ecosystem can be seen as comprising three 
subsections: above ground plant structures, muds (including 
roots), and fauna structures. It has two external energ y 
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sources, the sun and the upland runoff, and four processes: 
primary productivity, decomposition (aerobic and anaerobic 
respiration, recycling of nutrients), consumption and utilization 
by higher trophic organisms and the export of organic matter to 
estuaries or other contiguous ecosystems (Lugo and Snedaker 1975). 
The understanding of trophic structures and food webs 
in the mangrove ecosystem in general is poor and in Australiaf 
in particular, it is almost non-existent. Though there is 
some information available on the dependent biota, it is far 
from complete. Dependent biota is defined as any organism 
which is dependent upon the mangrove ecosystem during at least 
one phase of its life history. A number of groups within the 
biota are reasonably well documented in terms of species 
records. However these are by no means comprehensive, resulting 
mainly from limited short term sampling from scattered locations 
(Saenger et al. 1977). Recent studies conducted to survey the 
biota within the mangrove communities of Eastern Australia have 
documented faunal elements of molluscs, large crustacea, 
insects, spiders and vertebrates (mainly birds and fish) (e.g., 
Day 1975; Graham et al. 1975; Gilles 1951; Hegerl and Timmins 
1973; Hutchings 1973; Hutchings and Recher 1974; Shine e t al. 
1973; Macnae 1968). They illustrate the richness and variety of 
the species composition of the fauna and flora around the Australian 
coast. Saenger et al. (1977) give a list of flora and fauna 
species documented for various mangal-salt marsh zones. They 
also comment upon the distribution of, and zonation within, the 
mangrove-salt marsh communities which are determined by such 
factors as frequency of tidal inundation, salinity of the soil 
and temperature (Macnae 1966, 1968). The fauna, except gastropod 
Melaraphia scabra, found in the mangrove wetlands are not 
restricted to them (Saenger et al . 1977). 
Trophic Relationships 
The nature and extent of the interdependence and 
12 
interactions between the organisms in a mangrove ecosystem are 
generally unknown (Lugo and Snedaker 1975). Odum's (1970a) and 
Heald's (1969) studies are two of the few detailed accounts of 
food webs available for mangrove ecosystems. In a simple 
estuarine mangrove cornrnuni ty of Rhizophora mangle in Southern 
Florida, the -energy flow is by way of a "detritus food chain" 
(Odum and Heald 1972). However, Onuf et al. (1977)and Pease 
and Bell (unpublished data) emphasise the importance of the 
primary consumption of mangrove leaves by insects which then 
form the link to the higher trophic organisms. 
Mangrove Detritus 
Organic detritus refers to particulate material that 
formerly was a part of a living organism. These particles 
include a range of materials: from the bodies of freshly dead 
plants and animals to finely disintegrated particles of these 
organisms, fecal pellets, and even aggregates of colloidal size 
particles ( Odum and de La Cruz 19 6 3) . The organic detritus forms 
a significant fraction of the available food particles in many 
ecosystems. Its importance has been recognized in salt marshes, 
shallow ernbayments (e.g., Odum and de La Cruz 1967; Odum 
1969) and in estuarine communities (Darnell 1967). 
The importance of mangroves as energy and nutrient 
sources de[€Ilds upon the rate of litterfall and its subsequent 
breakdown, as well as on the magnitude of other nutrient inputs 
... 
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(see Boto 1979; Darnell 1967). The rate of litter f all depends 
upon air temperature, incident light, (Gill and Tomlinson 1969, 
19 71; Heald 19 6 9) and rainfall and drainage ( Carter et al . 19 7 3) . 
On the average, the rate of litter fall for a wide range of 
mangroves in Southern Florida and Puerto Rico appears to be about 
850 gm/m2/year (Golly et.al 1962; Heald 1969). Bunt (1979) 
reported a higher rate of litter fall - 1,000 gm/m2/g in 
Northern Australia, while Goulter and Allaway (1979) measured a 
2 
rate of 580 gm/m /year at Sydney and a much lower leaf litter 
fall (162 gm/m2/year) in Westernport Bay. Another important 
source of organic detritus is the root production (Bunt 1979; 
Clough and Attiwil 1975). However, no measurement of root 
production could be found in the literature. Clough and Attiwil 
(1975) roughly estimated that each year the roots could cycle 
about four times the total nitrogen and about half the total 
phosphorus of the Westernport Bay waters. 
This litter could be utilized either directly in the 
mangrove ecosystem itself, or when washed out into the estuarine 
or coastal waters, becoming a part of the food chain there. It 
has been estimated that from a forest dominated by black mangrove, 
25 % of the leaf fall, or 0.5 gm/m2/day is exported (Lugo and 
Snedaker 1973 - quoted in Boto 1979). In addition, during periods 
of high rainfall, export was estimated to be about 20 times the 
average rate of leaf fall. Carter et al. (1973) estimated that at 
least 57 % of the total energy budget of Fakha Union Bay, Florida, 
was supported by exports from mangrove forests. Though export 
figures are not available for Australian situations, they would 
be higher for tropical mangroves because of high productivity 
(Bunt 1979) and higher rainfall. 
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Utilization of Mangrove Detritus 
The utilization of mangrove detritus would depend upon 
its breakdown and decomposition. This process is a function of 
the amount of oxygen, the type of mud, and the role of animals 
and micro-organisms in accelerating this process. 
The freshly fallen organic material is utilized by 
heterotrophic organisms in at least four ways (Odum 1970a): 
1. Dissolved organic substance~-> micro~organisms 
~-> higher consumers. 
2. Dissolved organic substances~->- adsorption on 
sediment particles ~->higher consumers. 
3. Leaf material~-7 higher consumers. 
4. Leaf material~-> bacteria and fungi~-~ higher 
consumers. 
The first two routes of energy and nutrient flow are 
based upon the rapid loss of water-soluble organic substances 
which occurs during the first few weeks (Nykrist 1959 - quoted 
in Odum 1970a). Such organic substances may be used by bacteria 
and other micro-organisms directly from water or they may become 
adsorbed on fine organic and inorganic particles (Stephens 1967). 
These particles, in turn, may be ingested by many invertebrate 
species of diverse feeding mechanisms (e.g., cilia, setae, 
mucus, etc. ) (Fox et al . 1953; Odum 1970b) . 
The third route, that of leaf material acting directly 
as food for higher consumers, may be important early in the 
degradation process when the leaf still retains significant 
amounts of digestible plant protein (Odum 197Qa, 1970c). There 
is little information available on the use of leaves as a direct 
food source. The importance of mangrove leaf litter to tropical 
sesarmid crabs is discussed by Malley (.1978). Amphipod and 
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xanthid crabs \\ere found by Heald (1969) to be important 
consumers of leaf d ebris. Individuals of Sesar·ma sp . were 
observed dragging mangrove leaves into their burrows (Macnae 
1968). Some ellobid molluscs were observed to be responsible 
for reducing the fallen leaves to humus (Macnae 1968). While 
moisture accelerated the litter decomposition by 30%, the 
macroconsumers, under favourable conditions, further 
accelerated the process by 60% by mechanically breaking down 
the leaf litter (Carter et al. 1973). 
The fourth route is based upon bacterial and fungal 
decomposition and assimilation of plant materials such as 
cellulose and lignin (Darnell 1967; Odum 1970a). A wide range 
of bacteria and fungi are associated with sediment, exposed 
leaf surfaces and suspended organic particles (Fell and Master 
1973; Odum 1970a). Fungi may invade the leaves while they are 
still attached (Fell et al. 1975). They act as invaders of the 
protective external tissue which then encourage further bacterial 
and other fungal breakdown (Newell 1973). No such work has been 
done in Australia; however, some studies on micro-organism are 
at present being carried out in the Australian Institute of 
Marine Studies, Townsville. 
The Role of Micro-organisms Associated with Detritus 
Many overseas studies have recognised the importance of 
the detritus associated micro-organisms to higher trophic 
organisms. The particles of organic de~ritus and their 
associated microbiota constitute a relatively protein-rich food 
for suspension and for deposit feeders. The percentage of 
-
nitrogen (protein) in detrital samples increases as particle 
size decreases (Newell 1965; Odum and de la Cruz 1967). 
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The protein content of suspended detritus, after eleven months 
of decomposition, was found to be almost 22%, compared with 
3.1% protein content of freshly fallen red mangrove leaves 
(Heald 1969). 
The microbiota on the detritus serve as food source 
for a number of organisms, while the detritus itself may not be 
digestible (Fell et al. 1975). The deposit feeders, prosobranch 
Hydrobia ulvae and bivalve Macoma balthica, are able to utilize 
micro-organisms present on detritus, but cannot digest such 
carbohydrates as cellulose (Newell 1965). The striped mullet, 
though it ingests large quantities of detritus, cannot digest 
them and feeds mainly on the attached microbiota (Odum 1970c). 
In Australia, Thompson (1954) stressed the role of 
bacteria of the detritus as an important food source of mullet, 
Mu.gil cephalus. In the stomach content of Mu.gil cephalus bacteria 
composed about 15-30% of organic carbon, while in the 
proventriculus of the prawns Metapenaes bennettae the figure was 
20-25% (Moriarityl976). This confirmed Dall's (1968) suggestion 
that micro-organisms, including bacteria, are important dietary 
components of prawns. 
Higher Trophic Relationships 
The primary consumers such as protozoans, nematodes, 
micro crustaceans and polychaetes, which feed on microbiota 
established on detritus, become important consumer links to 
higher organisms (Odum 1970a), thus emphasising the significance 
of the 'detritus-micro-organism' based food chain (Figure 2). 
However, it should be noted that because of the lack of detailed 
information on direct utilization of mangrove leaves by 
FIGURE 2 A SCHEMATIC DIAGRAM OF THE DETRITUS CONSUMING OMNIVOROUS 
ORGANISMS OF THE NORTH RIVER SYSTEM~ SOUTH FLORIDA . 
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The cyclical nature of the diagram depicts the 
utilization and reutilization of detritus particles 
in the form of fecal material (after Odum 1970a). 
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macro-organisms, it is not poss i ble to draw conclusions a bout 
the relative roles of micro and macro-organisms. 
Figure 3 emphasises the possible role of insects (Onuf 
et al . 1977) and mud dwelling herbivores (such as crabs) (Malley 
1978) as primary consumers of leaves. The results of the Botany 
Bay Study (Pease and Bell - unpublished data) also indicate that 
the herbivore-based food chain may be important. 
These micro and macro invertebrates and small fish are 
important food sources for higher trophic organisms. Odum 
(1970a) found that amphipods, nematodes, etc. were consumed in 
large numbers by many fish. While such detailed information on 
food chains is not available for mangrove-dependent organisms 
in Australia, the presence of these groups of organisms has 
been recorded and in some instances their importance as consumer 
links noted. In their review, Saenger et al. (1977) have quoted 
other works recording molluscs, crustacea, annelids, sipunculids 
and echuira. As noted by Milward (1979), the list is not 
complete, since a number of groups of organisms are not included; 
for example, Decreamer and Coomans (1976) described the abundance 
of ciliates, copepods (mainly ·Ba rpaticoi d a and some Cy c lq_p o ida ), 
nematodes and polychaetes as well as amphipods, isopods, 
Tana i dece a and Tu r be l laria . 
The importance of the invertebrates has been noted for 
some higher organisms sampled in mangrove areas. Framineferons 
were found to be a significant i tern in the diets of Periopthalmus sp . 
(Milward 19 7 4) and bony bream Anodontosoma chacunda (Be umer 19 78) . 
The copepods and ostracods are also important components of the 
diet o f mudskippers, Periopthalamus sp . (Milward 19 7 4) , whil e Beumer 
(1978) found them to be important in the black bream, A. berdi and 
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and hair-finned goby, Ctenogobius cri-ni-nger . Pease and Bell 
(unpublished data) found algae, insects and copepods to be 
important food i terns for Liza argentea; algae, cirripidae and 
crustacea in Cirella tricuspidata; polychaetes and copepods in 
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Gerres ovatus; polychaetes, copepods, amphipods, crustaceans and 
small fish in Acanthopagus australis. 
Birds occupy a similar position to fish and 
crustaceans in an estuarine food chain. In overseas countries, 
birds in mangrove areas have been described by Cawkell (1964), 
Ffrench (1966) and Ricklefs (1971). In Australia, birds in 
mangal vegetation have been recorded by Hegerl and Timmins 
(1973); Hutchings (1973); Hutchings and Recher (1974); Slater 
(1970, 1974). Though few birds appear to use Australian mangal 
vegetation exclusively (only 13 recorded species), 62 species 
utilize them as an intergral part of their habitat, especially 
for feeding purposes, while 152 species are visitors or migrants 
(Saenger et al. 1977) . 
Ducks and swans (Family Anatidae) are basically 
herbivorous, sifting detritus for algae and attached plants from 
deeper tidal areas (Serventy 1955; Serventy and Whittell 1967). 
They may also ingest benthic invertebrates when algae are in 
short supply. Wading birds (e.g., of sub-order Charadrii ) are 
lower trophic carnivores feeding on amphipods and polychaetes. 
There are other birds such as Herons and Egrets (Family Ar deidae ), 
Cormorants (Family Phalacrocoracidae ), Pelicans (Family Pelecanidae ), 
Terns (Family Laridae ), feeding at higher trophic levels. Their 
basic food consists of small fish from the shallow margins of 
the reed beds and tidal flats (Serventy and Whittell 1967; Job 
1972). While much information is available on the general biology 
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of many of the species inhabiting the mangrove ecosystem, there 
appears to be little work done on the overall significance of 
avifauna within the ecosystem. 
From the above discussion it can be seen that more work 
needs to be done before any definite conclusion can be drawn about 
the food chain linkages in Australian mangrove ecosystem. However, 
in general it can be noted that mangroves are an important source 
of nutrients and energy for micro-organisms and small invertebrates, 
which in turn are important to higher trophic organisms. The 
relative importance of mangroves (as compared to seaweeds and 
algae) cannot be described unless more detailed ecological 
research is done on the ecosystem. 
IMPORTANCE OF MANGROVES TO COMMERCIAL FISHERIES 
The importance of mangroves to commercial fisheries in 
Australia is not well understood, although it has been said that 
"everybody knows" that prawns, juvenile and other fish frequent 
mangrove-seagrass beds, while they may or may not be present 
in reduced numbers in nearby areas. 
While it is accepted that mangrove swamps and seagrass 
beds are the most productive areas of an estuary (Pollard 1973), 
the exact role of mangroves (as compared with seagrass) is not 
known. In NSW, 66% of the commercially important fish (finfish, 
crustaceans and molluscs) are said to be estuarine dependent 
though only 47% are actually caught in , estuaries (Pollard 1976). 
Of these (including those caught in estuaries), 38 % were finfish, 
12 % crustaceans and 50 % molluscs. Table 4 shows a list of 
commercial fish caught in NSW, and gives some notes regarding 
their feeding and breeding habits. Table 5 gives names of the 
... 
fish which are c a u ght in, or are dependent u pon , estua ri e s 
and those which hav e been recorded in mang rove ecosystems. 
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TABLE 3 COMMERCIAL FISH CAUGHT IN NSW WITH BRIEF NOTES ON HABITAT., 
FEEDING AND BREEDING HABITS . (List of fish is taken from 
NSW State Fisheries Annual Report (1977 ) , Pease (1979). 
Source of the notes is Grant (1978), u n l e ss otherwise 
indicated: Reference number 
Common 
name 
Anchovy 
Australian 
Salmon 
Black Bream 
Silver Bream 
(= Tarwhine) 
Flathead -
Dusky 
Flathead -
Sand 
Garfish Sea 
1. Shine et al. 1973 
2. Bell et al. 1978 
3. Weate 1975 
4. Godfriax 1974 
5. Dall 1958 
6. Racek 1956 
7. Young and Carpenter 1977 
8. Ruello 1973 
9. Pease 1979 
Scientific 
name 
Engraulis australis 
Polydachit us plebejus 
Acanthopagrus 
butcheri 
A. australi s 
(= Mylio australis) 
Rhabdosar gus sarba 
Plat ycephalus fuscus 
Platycephalus 
arenarius 
Hyporhamphus australis 
(= Hemirhamphus 
australis) 
Notes regarding 
feeding and breeding 
Live in sea; caught in 
estuaries and sea. 
Caught in sea; young 
found in estuaries 
(mangrove lined creeks). 
Migrates to ocean 
during midwinter 
spawning; caught 
estuaries, lakes 
rivers. 
waters 
for 
. in 
and 
Large fish prefer shallow 
mangrove lined back-
waters; smaller fish 
caught further downstream. 
Captured in turbid waters 
from beds of eel grass; 
inhabit the ' sha llow, 
silt laden flats of 
foreshore; frequently 
taken off clear sandy 
beaches of bays,estuaries 
and ocean waters. 
Found -in open ocean 
beaches; enter mor e 
saline estuaries. 
Inhabit open o c ean waters; 
ente r b ay and estuaries 
in early summer month s to 
spawn; eggs attached to 
seaweeds. 
Ref. 
I . 
TABLE 3 (Continued) 
Common 
name 
Garfish 
River 
Scientific 
name 
Hyporhamphus ardelio 
Garfish Hyporhamphus quoyi 
Short beak 
Fanbellied 
Leather-
jacket 
Yellow 
Finned 
Leather-
jacket 
Leather-
jacket 
Monocanthus chinesis 
Meuschenia 
trachylepsis 
Navodon trachylopsis 
Luderick or Girella tricuspidata 
Blackfish 
Mackeral Scomber australasicus 
Common or 
Slimy 
Morwong Nemadacty lus 
macropterus 
N.murwong 
Sea Mullet Mugil cephalus 
(!iii Mangrove) 
Yellow-eyed Aldrichetta forsteri 
Mullet 
Flat-tail Liza a;tigentea 
Mullet 
Mulloway Sciena antarctica 
Johnius antarctica 
Nannygai Centrobergx affinis 
Silver Gerres ovatus 
Biddies G.argyreus 
Snoek Leionura atun 
Schnaoper Lutjanus malabaricus 
(Red 
Bream) 
Notes regarding 
feeding and breeding 
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Common in estuaries; 
coastal lakes; associated 
with dense beds of 
eelgrass. 
Inhabit ocean-beach 
waters and saline 
estuaries. 
Adults and juveniles 
caught in estuaries and 
in coastal waters. 
Found and caught in 
inshore coastal waters. 
Found in rivers and 
estuaries extending to 
Ref. 
1 
2 
3 
sheltered coastal waters 1 
Common in coastal waters; 
caught in estuaries as well 1 
Spawn in sea; fry move 
into estuaries; estuaries 
always populated by young 
fish. 
Common in estuaries. 
Common ' estuaries. in 
Caught in coastal waters. 
Caught in coastal waters. 
Caught in shallow inshore 
estuaries and reefs. 
Young, found ' estuaries; in 
vertebrate predator. 
Caught in reef waters. 
TABLE 3 (Cont i nued) 
Common 
name 
Red Perch 
(5 Mangrove 
Jack) 
Tailor 
Trevally 
Whiting 
Silver 
Whiting 
Trumpeter 
Trumpeter 
Yellow-
Tail 
(~ Striped 
sea pike) 
Crustaceans 
Three spot 
Crab 
Blue Swinuner 
Scie nti f ic 
name 
Lutjanus 
argentimaculatus 
Pomatomus saltatr ix 
(= P. saltator ) 
Siganus spinus 
(= Usacara.mx 
nobilis) 
Si l lago ci liata 
Sillago maculata 
Pe l at es sexilineatus 
Sphyraenella 
obtusat a 
Por tunus 
sangui no l ent as 
Portunus pe lagi cus 
Mud Crabs Scylla serrata 
King Prawns Penaes pl ebejus 
Banana Prawn Penaeus 
. . 
mer gu1,,ens1,, s 
School Prawn Metapenaeus macleyi 
Green Tail or Metapenaeus bernetta 
Greasy Back 
Prawn 
Rock Lobster Jasus verreaux1,,1,, 
Shovel Nose 
Lobs t er 
Ibacus peron1,,1,, 
Notes r egarding 
fee d ing and breedi ng 
Found in rivers a nd 
mangrov e creeks a mongst 
mangroves 
Congregate of f ocean 
beaches; enter .estu a r i e s 
and penetrating upstream 
to brackish water limit. 
Common in coastal waters; 
estuaries. 
Found about sand flats of 
estuaries. 
Young fish inhabit eelgrass 
and seaweeds of shallow 
waters. As they grow they 
move off-shore into deeper 
waters. 
Found in estuaries. 
Found abundantly in patches 
of eelgrass, out crops of 
reefs and jetties. 
Caught in estuaries and 
in-shore 
Caught in estuaries, 
mangrove banks. 
Prawns spawn in sea; larva 
move to estuaries where 
they grow, adults move to 
in-shore waters. 
Found in estuaries; move 
to in areas of greater 
freshwater inf luence, in 
areas of seag rass. 
Caught in rock y reef 
areas. 
In saline estuaries and 
ocean. 
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Ref . 
3 
5 
6 
7 
5,7 
9 
9 
TABLE 3 (Continued) 
Common 
name 
Mollusc 
Oysters -
Rock 
Oyster 
Mussels 
Abalone 
Scientific 
name 
Notes regarding 
feeding and breeding 
Crassos t rea commercialis Cul ti va ted in estuaries 
and bays. 
My_tilus edulus 
Haliotis ruber 
Harvested naturally 
occuring populations. 
Ocean catches 
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Ref. 
9 
9 
9 
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TABLE 4 NSW' S COMMERCIAL AND RECREATIONAL FISH DEPENDENT ON ESTUARIES 
( POLLARD 1976 ) AND THOSE WHICH HAVE BEEN RECORDED IN MANGROVES 
(reference numbers _given) 
1. Weate 1975 
2. Shine et al. 1973 
3. Saenger e t al . 19 7 7 
4. Pease and Bell (unpublished data) 
5. Saenger and Mcivor 1974 
6. Pease 1979 
Fish 50% or more 
caught in 
NSW Estuaries 
River Garfish I 
Short Beaked I 
Garfish 
Sea Garfish I 
Dusky Flathead I 
Sand Flathead 
Flat Tail I 
Mullet 
Sand Mullet 
Sea Mullet I 
Luderick I 
Black Bream I 
Silver Biddy I 
Tarwhine I 
Trumpeter 
Whiting I 
Sand Whiting / 
Trevally 
Tailor 
Mulloway 
Yellow Tail 
Slimy Mackeral 
Yellow Tail 
Kingfish 
Anchovy 
Pilchard 
Snoek 
Leather jackets 
(3 species) 
Red Perch 
Teraglin 
Murwong 
Schnapper 
Australian 
Salmon 
Yellowfin Tuna 
Southern Blue-
Fin Tuna 
Skipjack Tuna 
Crabs 
Prawns 
Oysters 
Mussels 
Abalone 
I 
I 
I 
Species 
Dependent 
on 
Estuaries 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
? 
? 
? 
. 
? 
? 
? 
? 
. 
I 
? 
. 
Species 
Recorded 
in 
Mangroves 
· ·1 2 3, 5 
? 
/ 4 
I 3,4,5 
I 3 
I 3 
I 3, 5 
I 3 
I 2,3,4,5 
I 2,3,5 
I 1, 3 
I 3 
I 3,4,5 
? 2 
I 2,3,4 
I 2,3,4 
I 2 
I 3 
I 3 
I 6 
I 6 
Species of 
Recreational 
Value 
++ 
+++ 
+ 
+ 
+++ 
+ 
+ 
+++ 
++ 
+++ 
+++ 
++ 
++ 
+++ 
+ 
+ 
+++ 
+++ 
++ 
+++ 
+++ 
+++ 
+++ 
++ 
++ 
+++ 
+ 
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Information on the rela t ion s h i p b e tween commercial 
fisheries and mangroves is very sketchy, and consists mainly of 
survey studies. It has been noted, for example, that j uvenile 
king prawns (Penaeus plebejus) and greasy back prawns (Metapenaeus 
benneta ) are restricted to seagrass beds and mud f lats adjacent to 
mangroves in Moreton Bay (Young 1978). It has also been 
reported by prawn trawlers that the best trawling areas are the 
waters adjacent to the mangrove areas. Juvenile bream were 
widespread in deltaic areas with fringing mangrove-seagrass beds 
in the Tin Can Inlet, Great Sandy Strait in Queensland. Juyenile 
sea mullet and yellow finned whiting were found only in brackish 
areas while summer whiting were mostly taken in the fringing 
mangrove-seagras s areas ( Dredge et al. 19 7 7) . In the Three Mile 
Creek south of Cleveland Bay, Queensland, mullet (Mugi l c ep h a lus., 
M. geogi i , Liza dusswneri) and trevally (Caranax sexfasciatus) were found 
to use the mangrove lined creek as a nursery, while all sizes 
of bream Wylio berda ) and whiting (Sillago sihama ) were found 
(Penridge 1971). In Myall River, parts of which are lined with 
mangroves, luderick, leatherjackets, trumpeter, river garfish 
and other fish were caught (Weate 1975). Shine et al. (1973) 
caught, amongst other organisms, black bream, tarwhine, silver 
bream, river garfish, fan bellied leatherjackets as well as 
silver biddies and tailor in Tallebudgera Creek, NSW. 
The only detailed project,still being carried ou~ on 
ecological aspects of commercial fish caught amongst mangrove/ 
-
seagrass, is the Botany Bay Study by Pease and Bell, (NSW Sta te 
Fisheries Department). The commercial fish which were caught 
in significant numbers in the mangrove areas of Botany Bay are 
shown in Table 5. 
~--~ 
I 
I 
'' 
TABLE 5 NUMBER OF COMMERCIAL FISH CAUGHT IN THE MANGROVE CHANNEL., 
BOTANY BAY., DURING DECEMBER 1977-0CTOBER 1979 (Pease and 
Bell - Unpublished data) 
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Common Scientific % of the 
Name Name Number Total 
Flat-tailed Liza argentea 1,329 12.5 
Mullet 
Black Fish Cirella triscuspidata 873 8.2 
Silver Biddies Gerres ovatus 562 5.2 
Bream Acanthopagrus australis 273 2.6 
Others -
Sand Mullet Myxus elongatas 6 8) 
Whiting Sillago ciliata 22) 
Sea Mullet Mugil cephalus 15) 111 1.0 Large Toothed Psuedorhombus . 3) arsi,us 
Flounder ) 
Rough Leather- Scobinichthys granulatas 1) 
jacket ) 
Tailor Pomatomus saltatrix 1) 
Leatherjacket Meuschenia frescineti 1) 
Non-Commercial 3,148 29.6 
Fish Caught 
( > 12%) -
Velambassis jacksoniensis 3,821 35.9 
Others (26 
species) 3,683 34.6 
This study also shows that mangrove areas are mainly 
important as nursery grounds for flat-tailed mullet, black fish, 
silver biddies and black bream. The adults of these species are 
mainly found in the zostera and posidonia beds which also serve 
as occasional feeding areas for the young. For sand mullet, 
mangrove areas serve as occasional nursery as well as feeding 
grounds, although beach areas are · predominantly used. The 
dusky flathead utilize mangrove wetlands as nursery areas as 
well as feeding grounds for adults. 
Feeding Hab i ts of Maj or Commerc ia l F ish 
Fin Fish 
The type of food consumed depends upon the species, 
their mode of feeding and various morphological adaptations 
(Bell et al . 19 7 8; Beumer 19 7 8; Burchmore 1976) . However , 
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the species composition in the diet varies with season (Blackburn 
1957; Kikuchi 1966) the stage of life history, size (Robertson 
1977) and variations in the habitat from estuary to estuary, 
depending upon the location of the sampling (Bell et al . 1978; 
Grant 1972). Silver biddies are occasionally planktivorous 
whereas Anchovy are purely or predominantly planktivorous. 
Luderick, mullet, yellow finned leatherjacket, tarwhine, sea 
garfish and trevally are omnivorous while nannygai, black bream, 
tailor and whiting species are carnivorous (Thompson 1959). 
Table 6 summarises the feeding habits of some of the commercial 
fish which are also found amongst mangroves. Though the 
information available is mainly for fish found in Lake Macquarie, 
as noted above, the food type consumed depends upon the 
morphology and physiology of the fish as well as on the species 
available. It may be noted (as pointed out by Macnae 1968) 
that in general, mangrove habitats do not have the fauna which 
could be considered as typical, since these could be found in 
other intertidal regions where mangroves may not be found. 
Pease and Bell (unpublished data) confirm Thompson's (1959) 
observations that flat-tailed mullet is omnivorous, feeding on 
algae, crustaceans (copepods) and insects. Bla ck f ish found in 
mangrove areas are mainly herbivores whereas those caught 
amongst zostera beds are mainly microphagous, fee d ing on small 
crustaceans such as copepods and amphipods. Silver biddies 
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TABLE 6 FEEDING HABITS OF SOME OF THE COMMERCIAL FISH (Thompson 1959) 
Fish 
Blackfish (Luderick) 
Black Bream 
Silver Bream (Tarwhine) 
River Garfish 
Lea therj acket ( Navadan sp.) 
Mullet 
Flat-tail Mullet 
Silver Biddy 
Tailor 
Silver whiting 
Trumpeter whiting 
Food items 
Algae (M); diatoms (M); blue 
green algae (M); amphipods 
( 0 ) 
Prawns (M); mollusc (M); 
polychaeta (M); fish, crabs, 
small crustacea (M) 
Algae, polychaeta (M); zostera, 
diatom, gastropods, pelecypods, 
foraminifera, ryozoa (M) 
Zostera (M); diatoms, algae (M) 
Herbivores (Doak 1972) 
Diatom (M); algae, blue green 
algae (M); amphipods, copepods, 
foraminiferous (O) 
Diatom (M); algae (M); crustacea 
(M); pelecypod, foraminifera 
(M) 
Crustacea (M); polychaeta (M); 
molluscs, foraminifera, fish 
larvae (M); plankton (0) 
Fish (M); Prawn (M) 
Small crustacea (M); polychaeta 
(M) ; fish, prawns, crabs, molluscs 
(M) 
Small crustacea (M), polychaeta 
(M); fish, prawns, crabs (M) 
and bream are carnivorous, with the former feeding on polychaetes 
and crustaceans, etc. Bream utilize both the small organisms 
such as amphipods, copepods and polychaetes as well as larger 
animals such as decapods. 
The species composition (Table 7) reflects the types 
of organism found amongst mangroves as compared to those found in 
zostera, posidonia bed and beach regions. It may be noted, for 
example, that for flat-tail mullets, insects are important 
c~mponents of the diet. This indicates that the 'grazing-food-
chain' may be more important than has generally been accepted 
(see discussion above on the 'Trophic Relationships'). 
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TABLE 7 SPECIES COMPOSITION(% VOLUME) OF FOOD ITEMS FOUND IN THE GUT OF THE FOUR MOST IMPORTANT COMMERCIAL 
FISH FOUND IN BOTANY BAY MANGROVE CHANNEL 
Algae 
Algae 
Plants 
Total plants 
Polychaeta 
Crustacea 
Cirripedia 
Insecta 
Mollusca 
Fish 
M & U Animal 
Total animal 
Detritus 
Mud 
No. of fish 
C 
H ro 
Cl) H 
...c: Cl) 
.µ .µ 
H Ul 
0 0 
ZN 
25.3 
55.7 
10.1 
8.9 
74.7 
4 
MULLET 
(L. argentea) 
U) 
Cl) 
:> 
0 
H 
tJ'I 
C 
ro 
~ 
19.3 
1.5 
21.4 
35.9 
61.9 
16.0 
2.8 
191 
...c: 
C) 
ro 
Q) 
i:Q 
51.0 
21.4 
15.2 
1.0 
38.6 
10.4 
25 
C 
H ro 
Cl) H 
...c: Cl) 
.µ .µ 
H Ul 
0 0 
ZN 
8.3 
8.4 
89.0 
90.7 
0.9 
56 
B'LACKFISH 
(G. tricuspidata) 
U) 
Cl) 
:> 
0 
H 
tJ'I 
~ 
ro 
~ 
68.8 
70.8 
10.6 
4.4 
15.0 
14.2 
175 
.,jro, 
C 
0 
ro 
. .-I 
U) 
0 
P-l 
71.0 
71.0 
17.9 
11.1 
29.0 
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M & U Animal= miscellaneous and 1 unidentified animals. 
BIDDIES 
(G. o va tus ) 
C 
H ro 
Cl) H 
...c: Cl) 
.µ .µ 
H Ul 
0 0 
ZN 
75.0 
25.0 
100.0 
5 
U) 
Cl) 
:> 
0 
H 
tJ'I 
~ 
ro 
~ 
32.8 
56.5 
2.4 
7.1 
98.8 
91 
B"REAM 
(A. australis) 
~ 
H ro 
Cl) H 
...c: Cl) 
.µ .µ 
H Ul 
0 0 
ZN 
2.7 
38.9 
31.5 
1.2 
8.2 
93.7 
4.7 
17 
U) 
Cl) 
:> 
0 
H 
tJ'I 
~ 
ro 
~ 
6.2 
C ro 
H H 
(]) (]) 
.µ .µ 
U) U) 
Cl) 0 
;3: N 
4.0 
19.1 6.3 
58 .6 84.6 
2.4 7.3 
o.9 I o.3 
7.7 
98.7 197.9 
0.9 
160 15 
w 
f--' 
32 
Crustacea and Molluscs 
The importance of mangroves for commercially important 
crustaceans and molluscs is less well unde~stood even i n comparison 
to finfish. Prawns are caught in estuaries, particularly 
in the shallow seagrass/mangrove areas. The female prawns spawn 
in deeper oceanic waters, where planktonic larvae hatch after 
several hours. Larvae metamorphose and reach estuarine regions 
as post larvae (Dall 1958, 1968; Ruello 1973; Young and 
Carpenter 1977). They u~e estuaries as nursery grounds. Maximum 
abundance of postlarvae was found in areas of seagrass in Moreton 
Bay (Young 1978). Prawns depend upon bacteria and other micro-
organisms for their food (Dall 1958; Moriarity 1976). The 
school prawn, Metapenaeus macleyi, are opportunistic omnivore (Ruello 
1973). The young feed on organic detritus, small mollusc 
annelid worms, depending on their relative abundance; algae, 
diatom,fecal pellets of polychaete worms were also ingested. 
Adult school prawns in coastal waters feed mainly on crustaceans 
and annelid worms; detritus was of secondary importance. The 
precise nature and nutritional role of organic detritus is -not 
known, but in the Hunter River, the detritus was believed to 
be derived from mangroves ( Avicennia sp.) and reeds (Phragmites ) 
(Ruello 1973). 
In overseas countries, Mock (1966) and Anomymous (1970) 
indicate the importance of shore vegetation to the food supply 
of penaeid prawns. Adams and Angelovic (1970) found that the 
shrimp, Paleomonetes pugio obtained more nourishment from eelgrass 
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detritus than from the bacteria associated with it. Pink shrimp, 
Pena.eus duoraI'UJ71 , is dependent upon estuaries for food and habitat 
(Kutkuhn 1966). Once again, there is limited data available to 
draw definite conclusions about the importance of mangroves to 
prawns. As prawns depend on micro-organisms, mangroves can be 
said to be an important source of detritus which support a wide 
range of invertebrates. 
The two important estuarine crabs, the blue swimming crab, 
Portunus pelagicus, and the mangrove crab, Scylla serrata, have been 
caught in traps amongst the mangroves, as well as in other trawls. 
Scylla serrata is carnivorous as well as scavenger. It occasionally 
causes considerable damage amongst oyster farms, crushing the 
shells and feeding on young oysters. Little is know about their 
feeding habits and dependence on mangroves. Blue swimming crab, 
Portunus pelagicus, feeds on dying or dead animals from different 
trophic levels (Lenanton 1974). 
Oysters, the most important commercial mollusc, are 
cultivated in estuarine waters. Being filter feeders, they 
depend upon micro -organisms for their food. It is known that 
oysters do well in areas lined with mangroves (oyster far~~rs 
pers.comm.) and it is believed (Wolfe pers.comm.) that there is 
some relationship between oyster larvae and mangroves. However, 
the precise nature of the relationship is not known. Mangrove 
roots do provide substrate for the settlement of young larvae. 
They are a good source of detritus which acts as a substrate 
for the growth of a large number of bacteria and other micro-
organisms. Oysters are known to do better in regions with mixed 
population of algae, phytoplanktons and diatoms rather than in 
those which are dominant in a single species. 
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From the above discussion, it is obvious that 
although a number of groups within the biota are fairly 
well documented in Australia, the interrelationship of the 
biota (trophic relationships) and the dynamics of the ecosystem 
have largely been ignored. It is accepted that the mangrove 
ecosystem, however narrowly defined, is very complex because of 
its open nature. However, there is an urgent need for intensive 
research to understand (even partially) the functional and 
operational aspects of the ecosystem. Such studies should 
proceed through several stages which are not necessarily 
mutually exclusive: 
Firstly, it is necessary to identify the 'dependent' 
species, epifauna and flora, infauna as well as the 
pelagic components. It is important to evaluate their 
relative abundance, productivity and seasonal changes. 
Evaluation of the degree of dependence at any stage of 
the life history is important. 
Secondly, the feeding roles (habits) of each species 
in the community will need to be defined. It is 
important that the controlling links within the trophic 
web are established. 
Thirdly, to understand the dynamics of the mangrove 
ecosystem, there is a need to know both physiological 
and ecological flexibility and adaptability of the 
species within the food web. The stability of this 
dynamic ecosystem will have to be clearly perceived 
if the possible consequences of the environmental 
changes, either natural or man-induced, are to be 
predicted. 
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SECTION II 
IMPACT OF HUMAN ACTIVITY ON THE MANGROVE ECOSYSTEM 
In Australia, historically, the state capitals 
developed around estuarine centres, particularly as seaports 
(Burnley 1974). Today, three quarters of Australia's 
population live in urban areas situated in the surrounding 
lowlands (Radock 1974), while 60% live directly at the mouth 
of the estuaries (Rooney et al. 1978). Human society witl1 all 
its associated technological manipulations, has placed 
considerable stress on natural ecosystems. This has led to 
a number of undesirable repercussions, in particular, the 
destruction of wildlife and their habitats, that of the 
estuarine wetlands being only one such example. 
Wetlands have been degraded or destroyed directly through 
reclamation and indirectly through activities in the catchment 
area. 
DIRECT RECLAMATION 
The destruction of wetlands is partly a result of lack 
of adequate planning and land use management. Until recently, 
--
pl ann in g was generally held to be "future oriented and 'problem 
centred': concerned with avoiding future problems and aineliorating 
those already evident" (Bowman 1979). In real terms, however, 
planning and development have usually been carried out with 
single purpose, short term objectives and with the basic aim 
and assumption of the predominant importance of technical 
efficiency and economic growth. Conventionally, planning has 
sought to segregate uses, surveying land to determine primarily 
its suitability for urban development and associated services. 
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The loss of wetlands is a result of planned, yet adhoc, 
development. Piecemeal reclamation of wetlands has been 
carried out to provide specific "solutions" to various problems. 
This has been accentuated by a number of authorities acting 
within their area of jurisdiction with narrow briefs and lack 
of co-ordination on environmental policy either at the state 
or federal level. 
For example, with increasing urban population and mounting 
waste disposal problems wetlands, which until recently were 
considered as wastelands and mosquito breeding areas, have been 
used by local councils as refuse disposal sites. In the process, 
they were reclaimed for such desired uses as recreation. Wetland 
reclamation has also been carried out to meet the demand for 
waterfront lands for industrial as well as residential purposes 
(SPCC 1979a). · Increase in affluence and associated change 
in life style has created a demand for canal type development 
which, in some places, has been met by the reclamation of 
wetlands. Where development had taken place above mean high 
water mark, the Land Department's approval was obtained to clear 
mangroves to provide a better view of the scenery, for ac~ess, 
construction of jetties, etc. Because mangrove wetlands are on 
land-water interface, they have been used, for example in New 
South Wales, by local councils, Public Works Department and 
Maritime Services Board for the disposal of dredge spoil produced 
from dredging estuaries for navigation. For flood mitigation 
purposes, to prevent flood waters causing damage to low lying 
areas, local councils and Public Works Department have constructed 
channels and bund walls through mangrove areas. Wetland drainage 
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has also been allowed for agriculture. Bund walls have been used 
to create low salinity soil for sugarcane and pastures for 
cattle grazing (Hegerl 1979). 
[Section III, below, gives a detailed discussion of the 
institutional and legal aspects of the conservation of wetlands 
(in New South Wales).] 
While any one reclamation scheme may not necessarily be 
extensive, cumulatively the loss is great. For example in 
Botany Ba~ 406 ha of wetlands have been lost of which 102 ha 
were mangrove areas (Table 8). 
TABLE 8 MAJOR WETLAND LOSSES., SINCE 1950., IN BOTANY BAY (SPCC 1979a) 
Location 
Kurnell 
Woolooware Bay 
Gawley Bay 
Oyster Bay 
Lime Kiln Bay 
Woronora River 
Salt Pan Creek 
Little Salt Pan 
Creek 
Yeramba 
Kelso Creek 
Mascot (since 
19 4 8) 
Total Loss 
Mangroves 
Loss (ha) 
34 
6 
25 
5 
15 
8 
5 
4 
102 
Other 
wetlands 
losses 
98 
120 
34 
14 
23 
13 
5 
2 
45 
52 
406 
Reasons 
Road construction; 
industrial development 
Industrial development; 
Garbage disposal 
Residential (canal) 
development 
Garbage disposal 
Garbage disposal 
Residential development; 
Public reclamation 
Industrial development; 
Garbage disposal 
Road construction; 
Recreation 
Road construction; 
Bunding 
Garbage disposal 
River diversion; Road and 
airport construction 
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Other examples of wetland reclamation can be found in 
Queensland. In the Nerang River estuary, mangroves have been 
reclaimed for canal-estate housing (Saenger and Mcivor 1974). 
Around Brisbane River and Pine River, mangrove wetlands have 
been reclaimed for agricultural and residential purposes 
(~gerl 1979; Jeays 1979). Construction of port facilities at 
Fisherman's Island in Brisbane resulted in a loss of 
approximately 150 ha of mangroves (Jeays 1979). The 
construction of a new Brisbane Airport would result in large 
losses of mangrove areas. Similar losses have been observed 
in the Westernport Bay region (Bird and Barson 1975) and the 
Gosford-Woy Woy region in Gosford Shire (pers. observations). 
As discussed in Section I, mangroves are important in 
maintaining the stability of the shores as well as supporting 
a wide range of organisms found in estuarine and coastal waters. 
The destruction of mangroves could thus lead to shore erosion, a 
gradual change in flora and fauna composition as well as a 
reduction in commercial fisheries. 
EFFECT OF ACTIVITIES IN THE CATCHMENT AREAS 
Direct reclamation is not the only cause of mangrove 
loss. Mangrove ecosystems have been placed under considerable 
stress as a result of human activity in the catchment areas. 
There is a close relationship between mangrove ecology and 
geomorphological processes. The ecosystem, in its natural 
state, maintains a self balance (Thorn 1967; Thorn et al . 1975). 
However, as a consequence of urban development (with its 
associated technological changes), a number of stress factors 
develop which affect the mangrove ecosystem. These include 
39 
i •ncreases in sediment and nutrient load, changes in fresh 
water inputs and chemical and thermal pollution. (See Figure 1, 
p. 2 • ) 
Increased Sediment and Nutrient Load 
Sediment Input 
As a result of various activities causing 
disturbances to the land, there is an increased input of 
sediments. The sediment load depends on the type of activity 
involved (Table 9). High loads of silt are associated with 
high fresh water discharge (Douglas 1966; Guilcher 1967; 
Jaworski et al. 1972). However, this depends on a number of 
factors such as the intensity and duration of rain, soil water 
content, soil type, ground cover and slope,etc. (Day 1951; 
Douglas 1966; Sartor and Boyd 1972; Warner et al. 1977). 
Mangroves, because of their structure, physiology 
and location, are highly susceptible to increased sediment 
load. As a result of their characteristic c{rculation patterns 
produced by the mixing of fresh water and sea water, estuaries 
are ready recipients of sediments (Pomeroy et al.1972). The 
deposition process is enhanced by flocculation caused by ~nions 
--
present in sea water and the negatively charged clay particles 
and dissolved organic matter (Pomeroy et al. 1966; Postma 1967; 
Rochford 1951; Schalokovitz 1976; Warner and Pickup 1976). 
The accretion of sediments along the estuaries is regulated by 
physiographic-geomorphic processes (Walsh 1974). These include: 
. the rate of sediment input, 
. the slope of the shore, 
. the sedimentary distribution, pattern, and 
. the tidal river channel development. 
I . 
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TABLE 9a MEAN ANNUAL SEDIMENT LgAD FROM UNDISTURBED AND PASTURE LAND . 
SEDIMENT LOAD IN kg/km /yr IS q.ALC~LATED FROM DOUGLAS 1 ( 1 9 6 6) 
SEDIMENT VALUES EXPRESSED IN m /km /yr . THE CONVERSION 
FACTOR USED fS THE SEDIMENT DENSITY, OF FINE CLAY AND SILT, 
OF 2670 kg/m (SMITH 1970). IT SHOULD BE NOTED THAT IN GENERAL 
AMERICAN SEDIMENT LOADS ARE USUALLY HIGHER THAN THEIR AUSTRALIA N 
COUNTERPART 
Type of 
Disturbance 
Slightly 
disturbed 
rainforest. 
Undisturbed 
r_ainforest 
Cultivated for 
pasture and 
maize 
Pasture land 
Area 
(in Australia) 
Barron Basin 
Cairns-Atherton 
Tableland, 
Queensland 
Freshwater Creek 
Barron River (at 
Crater) 
Barron River (lower 
down from Crater 
at Picnic River 
Queanbeyan River 
between Naronga 
and Googong 
Mean 
Annual 
Rainfall 
mm. 
968 
800 
657 
Naronqa 
155 
Googong 
135 
Mean 
Annual 
Suspended 
Sedim2nt kg/km /yr 
14,632 
15,086 
36,312 
2,456 
9,185 
TABLE 9b ESTIMATED SEDIMENT LOAD FROM VARIOUS SOURCES OF DISTURBED LAND 
IN USA (Midwest Research Institute 1973) 
Source of Disturbed 
Land 
Construction 
Cropland 
Grassland 
Disturbed forest 
Mining 
Street surface runoff (in a 
city of 100,000 after an 
intense 1 hour storm ) 
Sedimen2 Load tons/km /year 
185,333 
1,853 
93 
9,266 
9,266 
25,455 kg/hr 
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The sedimentation pattern depends on the tidal circulation 
(which determines the formation of channels and tidal flats) 
as well as the non-tidal circulation which determines the rate 
and pattern of filling (Cameron and Pritchard 1963; Schubel 
and Meade 1976). 
It is a characteristic of all estuaries and bays 
that fine $ilt and clay are deposited in the mudflats and 
mangroves, while the heavier particulate matter in river water 
are deposited above the mangrove areas; the coarser sand in the 
tidal waters settles along the channel (Rochford 1951; Walsh 
1967, 1974). 
Collis (1979) noted that in the Hawkesbury River, in 
the upper reaches (Windsor Region) where sand mining activities 
and other land use practices introduced large amounts of 
suspended material, water was extremely turbid. At Windsor 
in May, the sediment concentration was 125,000 mg/m3 while 
at the mouth of the estuary (Brooklyn), the maximum reached 
was 60,000 mg/m3 . The suspended matter settled out in the 
mangrove zone below Wiseman's Ferry. SPCC (unpublished data) 
also confirmed this settling out of suspended matter in the 
mangrove zone. 
In an estuary, there is a complex balance between 
sediment input and sedimentation, and the plants are adapted 
to these changes. However, with human activity, the rate of 
sedimentation has increased. This is one of the maJor causes 
of mangrove dieback (Ha tter-sley et al. 19-73; Bird and Barson 
1975). Blacker (1978) correlated the changes in mangrove 
wetland areas in Careel Bay, Pittwater with increase in erosion 
due to bushfires. 
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The pneumatophores, the aerial roots of the mangroves 
when covered with fine, muddy sediment, cannot exchange gases 
with the water and the atmosphere (Bird and Barson 1979). 
This gradually results in the death of the mangroves. Healthy 
mangroves are replaced by sandy/silty foreshores with 
protruding stumps of mangroves (Figures 4a-4e). 
Sedimentation may also cause seaward "marching" of 
mangroves. It appears that with slow sedimentation, resulting 
in a decrease in the depth of water, young seedlings are able 
to establish and grow. This leads to a gradual decrease in the 
width of water. This was observed by the author in the 
Hawkesbury River and in the Brisbane waters~ 
Similar "dieback" and "marching" of mangroves have 
also been observed in the Spencer Gulf in South Australia 
(Harbinson pers.comm.), Westernport Bay (Bird and Barson 1979), 
Pittwater and Cowan Creek (Blacker 1978) and in Queensland 
(Galloway 1979; Hegerl 1979). 
Increased siltation also leads to other problems such 
as changes in estuarine circulation patterns and tidal 
flushing. This results in altered hydroperiods and salinity 
regimes (Carter et al. 1973 , Warner et al. 1977} which could affect 
future sedimentation and the ecological balance. 
Increased sedimentation also leads to a decrease in 
depth of navigational channels which necessitates dredging to : 
allow other uses of the river. Hence, as a result of dredging 
of the channels, "dredge spoil", or "fill", is then disposed 
of, usually in the intertidal and mangrove-saltmarsh areas, 
reclaiming them for further development. 
FIGURE 4a 
FIGURE 4b 
HEALTHY., LUSH GREEN MANGROVE ( AVICENNIA MARINA) PLANTS 
ARE AT THE RIGHT WITH DEAD ONES SHOWING ON THE LEFT( ~ ) 
DEAD OR DYING PLANTS ALLOWING MORE LIGHT FOR THE GROWTH 
OF YOUNG PLANTS ( ..... ) 
FIGURE 4d 
MANGROVE PLANTS KILLED AS A 
RESULT OF SILT/SAND COVERING 
THE PNEUMATOPHORES . YOUNG 
SEEDLINGS ARE ABLE TO 
ESTABLISH AS A RESULT OF 
SLOW SEDIMENTATION . 
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FIGURE 4c 
HEALTHY PLANT WITH A LARGE 
NUMBER OF PNEUMATOPHORES. 
FIGURE 4e SILTY/SANDY FORESHORE WITH PROTRUDING STUMPS OF DEAD 
MANGROVE PLANTS. PNEUMATOPHORES ARE BARELY VISIBLE . 
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Dredging activities themselves lead to an increased 
suspended sediment which has significant environmental effects 
on the aesthetics and the water quality. The suspended sediment 
causes a decrease in dissolved oxygen (Brown and Clark 1968; 
Frankenberg and Westerfield 1969), and induces a shift 
towards opportunistic feeders and decrease in species diversity 
(McCall 1977; Schubel and Maude 1976; SPCC 1979). Such a 
change is common in canal type developments (Odum 1970b) 
especially due to modification to the hydrology (Lindall et al. 
1973). In Southern Queensland, Saenger and Mcivor (1975) found 
that in canals which used to be mangrove wetlands before such 
developments,only 7.5-15%.of the fish found in estuaries were 
present. Similar reduction (13. 7%) oE· the estuarine fish and 
prawns et al. reported in canals in Tampa Bay, Florida (Lindall 
et al. 1973). 
Nutrient Input 
Associated with urban development is an increase in 
the nutrient input into waterways. The nutrients may be added 
from either point or non-point sources. Point sources such as 
sewage treatment effluent provide a consistent source of 
nutrients (Collis 1979; Humphries et al. 1980; Vollenweider 
1968). However, during periods of rain, the urban rainfall-
runoff, agricultural land-runoff (Cullen and Roschich 1978; 
Kleusher and Lee 1973; Sarton and Boyd 1972; Vollenweider 1968; 
Weibel 1970) and septic tank seepage (Higginson 1968; Humphries 
et al. 1980) become important non-point sources of nutrients. 
Table 10 illustrates the relative magnitude of the nutrient 
inputs from various sources. 
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TABLE 10 ESTIMATED GENERATION PARAMETER FOR TOTAL PHOSPHORUS LOADINGS 
(Source: Gutteridge, Haskins and Davey, 1979) 
Land use 
Forest 
Grazing 
Intensive 
Agricuture 
Urban sewered 
Urban unsewered 
high density 
low density 
Development Intensity 
(average gross area/ 
dwelling ha/dw) 
50 
15 
5 
0.3 
0.3 
1.0 
Estimated Generation 
Parameters for total 
Phosphorus (kg/ha/yr 
0.1 
0.2 
1 - 3 
0.6 
12 
3 
Depending on the morphometry, hydrology and the amount 
(Bayley and Williams 1973; OECD 1969; Vollenweider 1968), the 
nutrients may be temporarily removed by sediments (Kuep 1968; 
Syers et aZ. 1973) by primary procedures (Fogg 1973; Vollenweider 
1968) or flushed out (Bayley and Williams 1973; Humpheries et al. 
1980; Vollenweider 1968). 
As in the case of sediments, nutrients also are 
removed to some extent in the estuarine region, the estuary 
acting as a "sink". This was observed in the Hawkesbury _River 
estuary ( Collis 1979; SPCC unpublished data) . 
The process determining the nutrient levels in the 
mangrove soils and water, is a complex one (Boto 1979). There 
is an equilibrium between the nutrient loss and nutrient gain. 
The loss may be due to tidal transport of dissolved and 
particulate bound nutrients, plant litter, leaching of nutrients 
from plants, denitrification and volatization. The increase in 
nutrients may be due to nitrogen fixation, mineralization, 
chemical release from soil and nutrient input from external 
sources. For a detailed discussion of these processes see 
Boto ( 197 9) . 
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The effect of increased nutrients on mangroves is not 
well understood. Clough and Attiwill (1979) found no evidence 
of long term enrichment by sewage on the size or canopy 
structure of mangroves in Darwin despite the fact that levels 
of N and Pin the sediment and leaves at the enriched sites 
were twice those at unenriched locations. Along the North 
Queensland Coast, lush mangrove growth may be due to increased 
nutrient input (Boto 1979). 
The increased nutrient load may have an indirect 
effect on the mangrove ecosystem through eutrophication. The 
primary effect of increased nutrients, where other factors 
are not limiting, is an increase in the productivity of the 
primary producers; (Cullen et al. 1978; Humphries et al. 1980; 
Vollenweider 1968; Wood 1975). This may give rise to "algal 
bloom" (Humphries et al. 198 0; National Academy of Sciences 
1969; Vollenweider 1968; Wood 1975). The algae become a 
part of the suspended organic matter. The dead algae are then 
deposited along with other suspended matter, in the lower 
estuarine region amongst the salt marsh and mangroves (see 
discussion on sedimentation above). For example, in the 
Hawkesbury River the level of chlorophyll :a (a measure of 
suspended algae) decreased by about 50% in the water once 
the mangrove zone was reached (SPCC unpublished data). 
This source of suspended matter may be of pJrticular 
significance during low rainfall periods. During this period 
the suspended sediment of land origin would be low and the 
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algal bloom at its peak (Humphries et al. 1980; National Academy 
of Sciences 1969; Vollenweider 1968). As the suspended matter 
settles out in the mangrove zone, the increased nutrient level 
may also indirectly contribute to the "diebacks". However, 
more research needs to be done before the extent of these 
effects can be evaluated. 
Increased nutrient levels in water reduce the level 
of dissolved oxygen through an increase in COD and BOD (Clark 
1974; Cullen et al. 1978; National Academy of Sciences 1969; 
Vollenweider 1968). This would affect the COillfX)sition and 
number of the flora and fauna. These effects have not been 
documented in the mangrove ecosystem, though a number of 
studies have been carried out in estuaries in general (e.g., 
Champ 1976; Hobbie and Copeland 1976; Humphries et al. 1980; 
Jaworski et al. 1972; McHugh 1976; Ryther 1956; Smith 1976). 
These studies do show that increased levels of nutrients in 
water lead to a decrease in species diversity, decline in 
commercial fisheries and deterioration of the water quality 
in general. 
Freshwater Input 
Urban development has also led to an increase in 
rainfall-runoff (Sartor and Boyd 1972). Associated with this 
are the construction of drains, and channel diversions which 
have short-circuited the terrestrial runoff. This increased 
fresh water input leads to changes in estuarine circulation 
and tidal flushing patterns which, in turn, may cause changes 
in salinity regime and the associated sedimentation process 
(Warner et al. 1977) . 
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Mangroves may be killed by extensive freshwater input. 
Hegerl (1975) documented extensive mangrove kills in the 
Brisbane Rive~ thought to be a result of major flooding. The 
mangroves have positive salt requirements (Clark and 'Hannon 
1970), although a certain amount of freshwater seems to be of 
equal importance. In Cairns, mortality of 18 ha of mangroves 
was linked to a bund wall construction which blocked fresh water 
input. Reak (1975) found that of the areas destroyed by 
hurricane, those which were deprived of fresh water inputs could 
not reform. Mangroves are also killed by high salinity (Ashton 
1972). However, such incidences are very localised. 
In addition to these kills, a more subtle decrease 
in the production of aut~thonous material by the mangrove 
forest may be another threat (Chapman 1966; Lugo and Snedaker 
1975) .particularly to the fisheries (Lindall 1973; Kutkuhn 1966). 
Estuarine fisheries would be affected directly by the changes 
in salinity regime. Changes in fresh water flow . have resulted 
in a decrease in productivity of fish (Lindall 1973; Sutcliffe 
1972; Chapman 1966), prawns (Kutkuhn 1966; Ruello 1973),and birds, 
(Heald 1960) and an increase in predation of oysters (NSW 
State Fisheries Annual Reports 1976, 1977). 
Chemical and Thermal Pollution 
Chemical 
Industrial development, which has been an integral 
part of technological change and "progress" has led to an 
increase in chemical usage and wastes. The technological era 
has produced a widespread pollution problem. The pollutants 
include a range of chemicals such as herbicides, pesticides, 
petrochemicals and heavy metals. 
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The general effects of these chemicals on mangroves are 
not known. Mangroves are susceptible to herbicides (Truman 
1961; Teas and Kelly 1975; Westings 1971). Herbicides at 
relatively low concentration have been known to defoliate 
mangroves whereas at high concentration, complete destruction 
occurs (Lugo and Snedaker 1975; Hegerl 1979). Walsh et al. 
(1973) found that mangrove seedlings were very sensitive to 
residual herbicides, perhaps more so than most other temperate 
or tropical species. 
Defoliation of mangroves in Vietnam led to a residual 
increase in decomposing organic matter in estuarine waters 
(de Sylva and Michel 1975). This may have lowered the oxygen 
content, diminished phytoplakton production and changed the 
estuarine fauna and flora. However, it is not known if the 
resulting effects of herbicides are long-term or short-term 
(de Sylva and Michel 1975; Ross 1975). 
Mangrove plants also seem to be affected by oil. In 
Quibray Bay (Sydney) the death of localized mangroves were 
attributed to oil pollutants (SPCC 1979a). The response is 
similar to those of other plants (Cowell 1971). 
The impact of pollutants on fauna associated with 
mangroves would be similar to that of the estuarine organisms 
in general. The lethal and sublethal effects and the build up 
of chemical pollutants in the sediment and food chain are well 
documented (see e.g., US EPA 1976; Odum 1970b; Jones 1964; 
Lincer 1976; Farrington 1976). While the lethal effects are 
immediate, sublethal effects are long-term, and result in ill-
defined changes such as reduced resistance to environmental 
stresses, reproductive failure, disruption of migration, etc. 
(Farrington 1976; Lincer 1976). 
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Thermal 
The problem of thermal pollution arises particularly 
as a result of heated effluents being discharged from 
electricity generating power plants and some industries. 
Although several authors (e.g., Chapman 1977; Macnae 1966) have 
discussed the tolerance of the mangroves to low temperatures, 
their tolerance to elevated temperatures are largely 
unknown. 
In Puerto Rico, in areas of thermal loading, the 
mangroves showed greater densities of prop roots (Kolehmaihen, 
quoted in Lugo and Snedakar 1975). Lugo and Snedaker (1975) 
found that in R. mangle prop root densities increased, but the 
leaf sizes decreased with high temperatures. They suggested 
that these responses to high temperatures may be due to 
increased metabolism, as was the case in saltmarsh (Young 1973). 
With aquatic fauna, the effect of thermal pollution is 
complicated by other pollutants which are usually discharged 
along with heated waste-water. . increases The excess heat 
mortality and affects physiological processes and behaviour in 
aquatic fauna. The effects are complicated and depend o~ the 
species and the stage of life history (Brooks et al. 1976; Gritz 
and Stevens 1971; Jensen 1974, 1976; Rogers and Stevens 1971). 
Compounding these effects is the vulnerability of the estuarine 
fauna. Many of the estuarine organisms live near the limit of 
their range of tolerance; any further alteration has the 
potential of excluding the organisms from the estuary (Odum 
1970b) . 
The specific effects of chemical or thermal pollutants 
on an ecosystem are complex. This is because of the inter-
dependency of the members of an ecosystem. Depending on the 
5 3 
physiographic and geomorphic process e s, the e ffec t s o f pol l utants 
ma y be multiplied or reduced. 
Human activity in the catchment ar e as and the 
estuaries has placed considerable stress on the system. The 
destruction of wetlands, which are an integral part of the 
estuarine ecosystem, upsets the equilibrium and sets off a 
number of chain reactions. These may lead to a reduction in 
the number, and shift in the type of flora and fauna and in 
commercially important fish, resulting in a gradual _ 
deterioration of water quality in general. Table 11 
summarizes the types and likely consequences of man-induced 
modifications to the mangrove ecosystems. To understand the 
impact of man, it is important to look at mangrove wetlands as 
a continuation of the terrestrial system as well as a part of 
the aquatic system. More research needs to be done to 
understand the mechanism and magnitude of the response of 
mangroves to the various stress factors. For the conservation 
of wetlands, it is important to adopt a wider environmental 
perspective and to plan and develop land according to its 
potential and suitability. 
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TABLE 11 CONSEQUENCES OF VARIOUS TYPES OF MAN-INDUCED MODIFICATIONS I 
MANGROVE ECOSYSTEM (AND FISHERY) 
THE 
l. ~h ngc:: in Physical 
Conf1J1.;ratio n 
Ore ging and filling 
Dredging of channel 
Ditching of we tland 
2. Pro t ec tive works 
' 
.) . 
Stream-dive r sion 
Salt -w ter barriers 
Bund walls, dikes and 
levees 
Change in volume and 
sc sonal distribution of 
freshwater flow 
.J. E'o l l tion 
Domes ic 
Industr1~l and agricult ral 
Expected Environmental Effects 
General r eduction in acreage o 
desirable shore zone nnd 
mangrove (marsh) h bitat. 
Partial deepen in 9 of bays, 
alteration of wetland drainage 
and patterns; change in 
circulation and hence 
distribution of salinity 
temporary increase in salt 
load . 
Lowered water table ; gross 
change in vegetative cover; 
loss of nutrient material from 
the wetland areas . 
Redistribution of fre shwater 
discharge; change in 
estuarine salinity regime; 
change in sedime nt~tion 
pattern . 
Impeded exchange of fresh and 
salt wate r, altere1 pattern 
of salinity distribution. 
Restricted influx of salt 
water; loss of tidJl exchange 
benefits; change in sa linity 
regime. 
Generally heightened salinity ; 
increased concentration of 
downstream pollutants . 
Change in water chemistry, 
increased BOD . 
Change in w ter cl1<!mi stry ; 
incr e as~d COD pr~s~nce of 
t ox ic compounds . 
Chan~e n salinity and 
tempe ra t re . 
Probab e Results in T~rms 
~R~-ource Produc .!.\'l __ Y~ 
Decreased productivity 
due to loss of plant 
cover and poor sources. 
Possible reduction in 
ccJrry1ng capacity throu,Jh 
reduction in food s ources . 
Loss in productive 
potential due to l o ss of 
plant cover and food 
sources and reduc ion in 
nursery acreage . 
Depending on species, 
lowered or increused 
carrying capacity; 
limited reduction in 
carrying capacity due to 
loss of mangrove habita ts. 
Limited reduction jn 
carrying capacity ue to 
loss oi: mangrove 
h , bitiltS . 
Gen ~ rally lowered 
p r oductivity because o: 
diminished access and 
loss of mangrove 
habitats . 
Deterioration of 
estuarine habitat; l os s 
in productivity . 
Su~crcnrichmPnt ca ld 
induc e suffocaL·on Jn 1 
l oss of µrod c ivi y 
chanye in sµec1e s 
com;;osi io:1 ; ~LtcOf.hl ·..:iti , :1 . 
Dcct, sec! s r-1tv l .1n 
[ ' roc..iuc 1vity . 
DE·cre sed :-J r orluc J'.'l y .1s 
re s lt of losses d~~ Lu 
in,rc'.:iscrl r:ict-1: , 11 . . 1, ,; , : 
U '3 lt . 
SECTION III 
LEGAL AND INSTITUTIONAL ASPECTS OF THE 
CONSERVATION OF MANGROVE WETLANDS 
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The problem associated with the decisions made 
regarding conservation of wetlands has been an institutional 
rather than a technical one. To be sure, technical issues 
such as cause-effect relations in estuarine systems and 
environment impact assessments are important; but in the 
present state of knowledge, the primary questions in dealing 
with estuarine resources are: who is in charge; who manages 
the resources; and what are the various policies and objectives. 
1 Management of resources has been problem-centred. 
This approach inevitably implies that what is wrong can be 
'fixed' without necessarily having to tackle the deep, under-
lying causes. 
The approach to land is reflected in the institutions 
which are involved in the decision-making process. A wide 
range of executive, advisory and investigative institutions 
have been created and·ldelegated authority to reach decisions 
and translate them into actuality. The legislations pr~vide 
a legal framework for the institutions to make decisions. 
However, the authority for controlling a resource is divided 
and fragmented among separate institutions, with little or no 
co-ordination. Another feature to be noted is that the same 
authority is given conflicting roles of developing (i.e, 
operative) and conserving (i.e., protective) with little 
relation to each other. 
The institutional problems arise because of two maJor 
factors: the apportionment of legal responsibility and powers 
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among several levels of government, and the consideration of 
specific resource management (such as water quality, physical 
facility development), separately from 'community-focused 
resource management and planning'. 2 These problems are 
inevitable because of the ad hoc and piecemeal evolution of 
single purpose legislation and institutions which aimed to 
facilitate the development and exploitation of natural 
resources. Later superimposed upon them, further legislations 
were passed and institutions set up to protect areas of 
'environment activity'. A more recent approach aims to 
facilitate the integration of the environmental dimension into 
h d . . k' 3 t e ecision-ma ing process. 
The estuarine wetlands (estuaries and coastal lands 
in general) are in a precarious position because of their 
geographic location at the land-water interface. · There are 
two types of land-water interactions with legally apportioned 
responsibilities among different levels of government, which 
affect wetlands: 
1. Foreshores or banks or tidelands managed 
primarily at the local and state level with 
limited Commonwealth involvement. 
2. Water, waterbottoms in streams, lakes, bays and 
other coastal waters where state ownership of 
waterbottoms and natural resources co-exists with 
the Commonwealth's navigational and trade 
servitudes. 
h . 1 . 1 . 4 . . . h' h T ere is no one egis ation or institution w ic 
deals specifically with wetlands. Because the wetlands are on 
the land-water interface, the legislation (and institutions) 
which could affect them would depend on those dealing with land 
as well as water. In New South Wales these are numerous 
depending on which aspect of the resource is considered. 
Before we look at the legislation and instutions 
involved in the development, protection and planning of the 
wetlands, let us look at who has the jurisdiction over them 
and the associated waters. 
JURISDICTION OVER TIDELANDS, INTERNAL TERRITORIAL WATERS 
While there is no doubt about a state's right over 
the control of land, there is controversy over its 
5 jurisdictional control of waters. The estuarine wetlands 
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are invariably inter-tidal 6 and thus the land is covered by 
ebb and flow of the tide. Tidelands are areas which lie 
between highwater mark (HWM) and low water mark (LWM). Under 
the 1958 Geneva Convention on Territorial Sea and Contiguous 
7 Zone, a state's coastline ends at the low water mark. Thus 
wetlands per se are under state jurisdiction. However, until 
the Commonwealth passed the Coastal Water (State Powers) Act 
in May 1980 8 , there was controversy over the ownership of 
waters. 9 Lumbio, for example, argues that in the light gf 
the case Federal Commissioner of the Crown v. E.C. Farley 
Ltd, 11 and given the nature of executive or prerogative rights 
of the Crown, the general legislative power over the seabed and 
waters above would be vested in the state legislatures. 
The state's jurisdiction over the seabed and waters 
goes as far as the territorial limits while the Commonwealth 
12 legislation relates to water beyond these. Territorial 
waters is defined as areas of water which extend from a 
coastline to a distance of three nautical miles. 13 Internal 
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waters is defined as any water o~ the sea on the landward side 
14 
of the baseline of territorial sea. 
Under section 6 of the Sea and Submerged Lands Act (Cth) 
(1973) the Commonwealth has sovereignity over territorial 
sea and the subjacent sea bed and air space. However, 
. . d h . . 15 h . 6 d it is stated un er t e Savings Section tat Section oes 
not apply to any waters of the sea that are waters within any 
bay, gulf, estuary or river under the sovereignity of the 
state as on 1st January 1901. NSW v. Commonwealth 197516 held 
that the Commonwealth has sovereignity over the territorial 
sea, and the subjacent seabed and air space up to three miles 
of the coast. 
Coastal Waters (State Powers) Act 1980 (Cth) passed in 
May 1980 gives the states jurisdiction over the sea and the bed 
of the sea out to the three mile limit, formerly called 
'territorial waters' and now to be called 'coastal waters'. 
This, in effect, over-rules the High Court decision in New 
South Wales and Ors v. Commonwealth (Cth) (1975) 135 CLR 337 
which declared valid the Seas and Submerged Lands Act (1973) 
tC~h) and clears the controversy over the whole issue. 
The Coastal Waters (State Powers) Act gives to the 
states the same powers over the adjacent territorial sea and 
sea bed as it might have if the waters were within the territorial 
li'mi'ts of the states. 17 Th At 1 t b d th e c a so gran s powers eyon e 
territorial sea in relation to port facilities, underground 
mining extending from land within the states and fisheries. 18 
Fisheries may be subject to arrangement between the Commonwealth 
and the state to enable them to be managed in accordance with 
state laws. 19 
The Coastal Waters (Strata Title) Act 1980 (Cth) 
gives New South Wales (States) title to the seabed of the 
d . . . l 20 a Jacent territoria sea. 
DEVELOPMENT OF WETLANDS 
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Because of a combination of factors such as population 
growth, economic progress, general increasing affluence and 
man's desire to locate his home and industries adjacent to 
coastal waters, there has been an increasing demand for water-
front lands. But because these are becoming increasingly 
difficult to obtain the estuarine wetlands, which until 
recently were regarded as wastelands, have been one of the 
areas to be reclaimed to create new land. 
Wetland reclamation has been carried out for a number 
of purposes: industrial, agricultural and recreational, as 
well as for more specific purposes such as for rubbish disposal 
and building roads, airports, jetties and boat ramps. Wetlands 
have also been used to dispose dredge spoils produced from 
deepening natigational channels. Changes to wetlands have 
also been brought about by drainage works carried out for flood 
mitigation purposes (see Section II). 
The development of land has been done both by private 
. d. . d 1 11 bl. h · · 21 in ivi ua s as we as pu ic aut orities. The control of the 
development depends upon who owns the land. As estuarine 
wetlands are invariably inter-tidal, they are generally owned 
22 by the states, except in a few cases where inter-tidal land 
is in private ownership. Land above the mean high water mark 
(MHW), if alienated from the Crown, is owned by private 
individuals. 
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Deve lopment by Private Indiv idu a ls 
The development of land in local government areas 
is allowed by local councils, in accordance with the zoning 
schemes under the approved planning Scheme or Interim Development 
23 Order (IDO), prepared under Local Government Act 1919. 
In the pursuit of economic growth and 'progress', 
h 1 1 ·1 24 h 11 d h 1 1 d t b t e oca counci s ave a owe t e coasta ans o e 
developed and settled for residential and/or industrial 
purposes, with the regulation of building standards, provision 
of services, and so on, being the major controlling factors. 
Section 313 (0) and (P) of the Act requires that the councils 
when determining development applications, should take into 
account environmental questions such as air pollution, water 
pollution, etc. Where a development application was refused 
it was because the 'physical, climatic, and transport access 
with the lack of other desirable public utility services [are] 
not conducive to the amenity considered proper .. ~125 However, 
under Local Government Act S349(2), an applicant who is not 
satisfied with the decision of the local council, may appeal 
to the Local Governments Appeals Tribunal. The Appeal Board, 
'in making its decisions shall have regard to this Act, the 
ordinances, the circumstances of the case and the public 
interest. 126 As this is so broad, the Board can take any 
factors into consideration which it thinks appropriate. The 
Board's decision is final; it can be appealed against in the 
Supreme Court, but only in matters of law. It may be noted 
that given the nature of the problem (associated with land 
development) and the wide considerations allowed to the 
B d th B d . t . ( 1· . 1) 27 oar, e oar is open o various po itica pressures. 
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With the settlement of land above the MHW, mangroves 
and other vegetation growing on intertidal lands are cleared 
1 . d . h h h . · f h · · 28 and the land rec aime wit t e aut orization o t e Minister 
administering the Crown Lands Consolidation At 1913. 29 
Development on crown lands is controlled by the Minister of 
Lands. The Act 1913 (S.68) reads: 
The Minister may on his application authorize any 
proprietor in fee-simple of land having frontage 
to the sea or to land tidal water ... to reclaim any 
land adjoining thereto and lying beyond or below 
high water mark (not being lands vested in 
Maritime Services Board of NSW) and may give the 
same subject to such terms and conditions as may 
appear desirable in the public interest. 
Public interest is not defined in the Act. 
Developments on crown lands have to be authorized 
by the Minister, administering the Crown Lands Consolidation 
Act 1913. Under S.136 -(4), the Minister may grant permissive 
_3 0 
occupancy and allow for any structures to be erected 
S.252(2) (b) defines structures to mean or include 
buildings, posts, pipes, etc. or any work for the reclamation 
31 
of lands liable to be covered wholly or partly by waters. 
While the reclamation and clearing of mangroves for 
access have been responsible for the destruction :of~wetlands, 
some of the destnuction is specifically regulated under 
the Fisheries and Oyster Farms Act 1935. Under S.88 of . the 
Act, regulations may be made to 'regulate or prohibit or 
permit the cutting of any mangrove ... growing below the HWM 
for the purpose of oyster culture on areas of Crown Lands. •32 
Regulation 98 states that the cutting of mangroves by 
unauthorized persons (those without permit) is liable to a 
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penalty not exceeding forty dollars. However, this would 
have no effect on authority issued under Crown Lands 
Consolidation Act 1913 because the regulation relates to the 
'cutting of mangroves ... for the purpose of oyster culture•, 33 
and hence would be ultra vires . 34 Under R.100 special 
permission may be given by the Minister 'to cut mangroves 
growing below HWM ... for the sole purpose of providing access 
to water.' 
Development by Public Authorities 
Reclamation by the private sector has been responsible 
for some of the destruction of mangrove-saltmarsh wetlands. 
But works carried out in the name of 'public interest' by 
public authorities, have been responsible for the major 
losses. These works have taken a number of forms, such as 
providing facilities for waste disposal, for recreational 
purposes, dredging of channels for navigational purposes, 
construction of roads, railways, etc. They have been carried 
out by local councils, state departments of Commonwealth 
agencies. 
Local Councils 
The Local Government Act 1919 gave discretionary 
powers35 to local councils to control and regulate the disposal 
and destruction of depot rubbish. Under these powers, the 
councils used the wetlands in some areas and infilled them, in 
the process reclaiming land for desired purposes. 36 
The situation of the dumping site was subject to the 
approval of the Minister of Health. 37 The main objective of 
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Public Health Act 1902 was to deal with immediate health risks 
38 
caused to people. Under S.64 of the Public Health Act, 
any swamp, pool, ditch, gutter, watercourse, or 
accumulation of water on any land or public 
place ... so foul or in such a state to be a 
nuisance, injurious or dangerous to health or in 
such a state as to be or tend to become a breeding 
place for mosquito ... 
shall be a nuisance. 
With the belief that mangrove swamps are mosquito 
breeding grounds, they have been allowed to be reclaimed . 
. h. h 1 · . 1 · 39 h Wit int e Metropo itan Waste Disposa Region, t e 
local councils, to operate a sanitary depot, have to obtain a 
licence from the Metropolitan Waste Disposal Authority, 40 a 
body which is charged with the 'responsibility for the 
41 disposal of wastes.' The only restriction placed on local 
councils regarding rubbish disposal is that 'in no circumstances 
shall depot rubbish be disposed of by being conveyed to sea or 
by being thrown, cast or deposited in the 42 sea. ' The council 
itself is empowered to be a 'nuisance' in performing its 
f . 43 l . . 1 · 44 . . unction, un ess it is neg igent in its management. 
45 Kogarah Case held that a council of an area is the supreme 
authority for that area in all matters affecting disposal of 
night soil, subject only to veto by the Minister as to the 
situation of any sanitary depot. 
Further reclamation of mangroves and other wetlands 
has been carried out by the councils in order to provide marina 
facilities, primarily for pleasure or recreation. 46 Canal type 
development has also been allowed or carried out by the local 
councils. The only approval needed was from the Minister of 
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Lands. Local councils are given powers under S.494A of Local 
Government Act 1919,with the approval of the Governor and 
subject to such conditions as he may impose may, [to] carry 
out dredging in tidal waters and reclaim areas in tidal waters. 
However, these did 'not extend to empowering a council to 
. . . h . . h • 47 h' · override or extinguis proprietary rig ts. Tis, in 
effect, gives broad discretionary powers to a council to do 
whatever it sees necessary, deferring only to the constraints 
placed by the Governor. 
Public Works Department, Maritime Services Board and 
the Commonwealth 
Works carried out by the Maritime Services Board 
(MSB) (in the areas vested under it), by the Public Works 
Department (PWD) (in tidal waters in general) and by the 
Commonwealth (in some cases) have also been responsible for 
dredging of river beds and subsequent reclamation of foreshores, 
including wetlands. 
Under the Rivers and Foreshores Improvement Act 
1948, 48 the Constructing Authority (PWD) is authorized to 
carry out a wide variety of works 49 in the tidal waters not 
t d . h . . . d so k . d f. d ves e int e Maritime Services Boar. Wor is e ine to 
include 
Removal of dead or growing timber or other 
vegetation ... sand, gravel from ... beds, banks, 
or foreshores of any tidal water or coastal 
lake or lagoon or from any adjoining, adjacent 
or nearby lands.51 
It also includes works carried out for preventing flooding of 
land and the inflow of saline water into the course of a river. 
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h · · . A t 52 1 . t th Te Maritime Services c gives exc usive powers o e 
MSB to maintain and improve the navigation waters of the areas 
vested in it. In such cases, the Board's approval is needed, 53 
or alternatively, the work may be carried out by the Board 
itself. Section 13N of the Maritime Services Board Act 1935 
gives powers to the Board for the improvement of navigable 
54 h' h ld b d 'th b d d. . waters, w ic cou e one ei er y re ging, removing any 
banks of rivers or mudbanks, or by deepening or otherwise 
altering the river or channel. The Board may control or manage, 
construct and enclose any embankment, retaining wall, 
reclamation and wharf, or remove, alter or repair the same. 
Under these powers, the public authorities have 
dredged estuarine waters and reclaimed wetlands and other 
foreshores by the disposal of dredge spoils on them. The PWD 
has also drained wetlands for flood mitigation purposes. 
Some dredging and reclamation has also been carried 
out, for example, in Botany Bay, by the Federal government 
· · t 1 t · t · t · and trade. 5 5 ' 5 6 using is powers re a ing o naviga ion 
PROTECTION OF WETLANDS 
Until recently, there was little or no protection 
of wetlands. As in the case ·of development, · whatever 
protection powers there were, were fragmented and not directly 
related to wetlands. 
The wetlands are only indirectly protected under the 
land use legislation. While there seems to be some control 
of the development of foreshores (wetlands included) through 
leases, licences, permissive occupancy leases, etc., the wider 
environmental implications are generally ignored. The policy 
implicit in the Crown Lands Consolidation Act is that of 
controlled development of unalienated crown lands. 
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Under the Rivers and Foreshores Improvement Act 1948, 
dredging of rivers or excavating on, in or under the bank of 
an estuary is prohibited unless permission is granted by the 
57 Public Works Department. Permission may not be granted if 
any excavation is 'damaging or likely to damage the bank of 
a river.• 58 However, this is not applicable to persons 
holding any lease or licence issued under the Waters Act 1912, 
Crown Lands Consolidation Act or any other Act or by any other 
b d ·1 59 statutory o y or any counci. Thus, in effect, there is 
little overall ~rotection of wetlands (or foreshores). This 
illustrates yet another example of single purpose development-
oriented interest in the environment. 
The Maritime Services Board, under its Act, is 
60 
empowered to make regulations in respect of, among other 
things, the control of pollution of inland navigable waters 
and protection of port areas. These prohibit the discharge 
of certain specified materials as well as the removal or cutting 
61 
of any mangrove or other timber in any part of the port. To 
date, there has not been any prosecution in relation to these 
powers. 
Further protection powers are given to local councils 
which can 'prevent the pollution of water and water courses' 
as well as 'control and regulate the depositing upon any land 
of any material likely to cause public nuisance. •63 The local 
councils have succeeded in prosecuting individuals for 
64 depositing wastes on the banks of water courses. However, 
this control over the activities of the public is made less 
effective because the council itself is empowered to be a 
I ' 1 ' ' f • 65 
'nuisance in imp ementing its unctions under the Act. 
While there is overlap of duties between the local 
councils and the Maritime Services Board, it has been held 
by court that their powers to prevent pollution are 
66 
complementary. The State Pollution Control Commission 
67 
(SPCC) has indirect control over wetlands through its powers 
to 'prevent, control ... pollution of the environment, to 
control or regulate the disposal of wastes ... • 67 . These 
powers are very general and they have not been used 
specifically in relation to mangrove wetlands. 
Direct Protection 
Under the Fisheries and Oyster Farms Act 1935, some 
protection of wetlands can be achieved, particularly as 
wetlands are spawning, nursery and feeding grounds for some 
fish and crustacea. Section 34 (2) of the Act reads 
Any person who causes or knowingly permits to 
flow ..• any liquid or solid matter injurious to 
fish or the spawning grounds, spawn or food of 
the fish, shall be ... liable to a penalty. 
The effectiveness of this would depend upon the acceptance 
of the fact that the mangrove wetlands are the spawning and/or 
feeding grounds for fish, as well as proof that a person 
'caused or knowingly permitted' the injurious effect. 68 The 
Act does not define what constitutes an injurious effect; 
thus it may be open to various interpretations, and may 
69 
consequently be applicable in extreme cases only. 
68 
70 Under the 1979 amendment to the Act, the Minister 
71 
administering the Fisheries and Oyster Farms Act has a more 
direct and effectively greater say in certain dredging and 
reclamation activities. The Minister's consent is needed for 
works of dredging and reclamation to be carried out by any 
72,73 b l l h . 74 person, or ya oca government aut ority. However, 
consent is not needed for works authorised pursuant to the 
Crown Lands Consolidation Act 1913, or by a public authority 
(not a local government authority). These authorities shall 
only notify the Minister before they carry out or authorise 
75 
any work. Part VB regarding the requirement of the consent 
of the Minister administering the Fisheries Act for any 
dredging or reclamation works, is not applicable to those 
works carried out for the purpose of removing material under 
the laws relating to mining and for the maintenance or 
restoration of navigational channel approved by the Minister 
administering the Public Works Act 1912. It also does not 
apply to works approved by the Maritime Services Board _for 
passage or accommodation of vessels or for the removal of 
accumulated silt from a stormwater channel or the abatement 
f . 76 o any nuisance. 
Thus the Minister administering the Fisheries Act 
has powers over dredging or reclamation works carried out or 
approved only by local councils or private individuals. This 
implies the paramountcy of works regarding mining and 
navigation over the fisheries resources. The 1979 amendment 
is a step towards the protection of shallow waters and 
foreshores. But it once again underlines the piecemeal 
approach to the environment. The main emphasis remains the 
development of resources. 
69 
Further direct protection of wetlands is provided 
under the Coastal Protection Act 1979. 
Coastal Prote ction Act 1979 
Under this Act, 77 any public authority including local 
councils cannot, without the concurrence of the Minister of 
Public Works, carry out or authorise any development work in 
78 the coastal zone. 'Development' refers to any work, 
subdivision of land, erection of buildings, etc., to be carried 
out within the coastal zone. 79 The Minister, while granting 
or refusing concurrence, 'shall have regard only to whether 
or not the development or the use or occupation of coastal 
zone ... in any way 
(a) adversely affect the behaviour of the sea, or 
bay, river, stream or watercourse, or 
(b) adversely affect any beach, dune, or the 
bed, bank, shoreline, foreshore ... • 80 
The types of development or use for which consent would be 
needed would be as advised 'from time to time by the Minister 
h bl . h . , 81 tote pu ic aut ority. Thus the Act is passive unless an 
order is published in the Gazette restricting specific uses of 
and activities within the nominated area. However, the 
Minister for Public Works could control virtually any activity 
within the coastal zone as the Minister has to take into 
account only whether the development has any adverse effect 
on the coastal zone. 
While for dredging and reclamation works by private 
individuals and local councils the consensus of the Minister 
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administering the Fisheries and Oyster Farms Act is required, 
and the consensus of the Minister for Public Works is needed 
for any development work within the coastal region, there is 
no control or constraining factor on works carried out by the 
Minister for Public Works. The Minister is given powers to 
carry out works costing less than $1,000,000 if he or she 
is 'of the opinion that a work is for the prevention, 
protection, maintenance, restoration or improvement of the 
coastal zone or any part of the coastal 82 zone. ' 
Thus once again, we see the management of estuarine 
resources in the hands of different authorities with different 
amount of powers, with the Minister of Public Works having the 
most effective developmental as well as protective powers. 
Protection through Conservation 
If one accepts the argument advanced from anthro-
pocentric circles that leaving land in its natural state is 
also a legitimate form of land 'use', then it would be 
advantageous in the long run to leave the wetlands in their 
natural state, particularly as they provide feeding and 
nursery grounds for a large number of fish, birds, crustacea, 
etc. They also provide a source of food and nutrients to 
. d 1 . 83 estuarine an coasta organisms. 
Under the Coastal Protection Act 1979, the Governor 
has powers, on the recommendation of the Minister, to make 
regulations in respect of specified areas regarding regulation, 
control or prohbition of the use or occupation of an area or 
84 the carrying out of a particular development. However, 
S.39(2) does not apply in respect of an area already subject 
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to prescribed Scheme or IDO within the meaning of the Local 
Government Act 1919. Under the Heritage Act 1977, an interim 
conservation order (and later a permanent conservation order 
made by the Minister) could be made for an environmental 
heritage and be controlled by the Heritage Council. 85 
Environment Heritage is defined to mean 'those buildings, works, 
relics or places of historic, scientific, cultural, social, 
archaelogical, architectural, natural or aesthetic significance 
for the state. 86 
Such reserves of wetlands could also be made under 
the National Parks and Wildlife Act 1974 with the concurrence 
f h . . drn' . . h . h . 87 o t e Minister a inistering t e Fis eries Act. However, 
this is not possible as within the definition of 'parks' and 
'reserves' certain activities would be prohibited and would 
probably be unacceptable to the Minister administering the 
. h . 88 Fis eries Act. Further, the Minister administering the 
Crown Lands Consolidation Act 1913, could conserve wetlands, 
using his powers under the Act to take land from open to 
general use and dedicate or reserve it for special public 
89 purposes. 
These mechanisms of protection, land use management 
through dedication, reserves and permanent conservation orders 
would be affected by the prevailing political atmosphere and 
ideology as well as by the availability of funds. Another 
important factor would be the Parliament's conception, at the 
time, of general public interest and the importance of wetlands. 
Protection through Planning 
Conservation of an environment could most effectively 
be realised through careful environmental management. The 
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basic tenet of environmental management is that the use of 
different types of lands should be made according to their 
different potentials and wherever possible for a multiciplicity 
of (reversible) purposes. 90 It also includes, apart from the 
regulation of land use, the idea of policy planning. 
in its widest sense, is an approach to decision-making 
Planning, 
involving the consideration and evaluation of alternatives on 
f . 91 a given course o action. 
In Australia until recently, as noted by Ryan; 2 there 
has been an embryonic concept of environmental planning, 
'lacking a comprehensive and legally enforceable environmental 
policy.' In New South Wales, with the legislation passed in 
1979, there can be discerned the adoption of a new approach. 
Under the Coastal Protection Act 1979, a Coastal Council is 
an advisory body, making reports and recommendations to the 
Minister of Planning and Environment on the protection, 
maintenance and enhancement of the natural and man-made 
resources of the coastal region. 93 The .Council is also given 
the responsibility to advise the Minister on 'the orderly and 
balanced utilization of the coastal region and its resources.' 
However, this is to be carried out with 'regard to the 
financial resources of the state and economic needs of the 
94 people of the state.' The Act thus spells out that non-
environmental factors are to be considered when making 
recommendation about the protection of coastal zone. This is 
also reflected in the composition of the Coastal Council, 95 
which includes such representative operative institutions as 
the Departments of Minerals, Resources and Development, Public 
Works, Planning and Environment Commission, and such 
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'protective' institutions as the Department of National Parks 
and Wildlife as well as two persons who have qualifications 
relating to coastal protection. 
The Act also allows the Council to advise on policies 
'that may or should be adopted by the Government and public 
authorities concerning the planning and management of the 
1 · 96 11 d. h . 1. . coasta region, as we as to co-or inate t eir po icies 
and activities relating to the region. The Council can make 
recommendations about lands that 'should be acquired in the 
coastal region by, or on behalf of, the state or any public 
authority whether for the purpose of coastal protection, 
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access or enjoyment or for other purposes.' This could 
allow for the acquisition of the alienated wetlands which 
could then be conserved. 
These, along with other powers and finance given to 
foster research and other inquiries, could lead to specific 
environmental policies regarding coastal (wetland) management. 
The policies prepared by the council would be most effective 
if adopted by, and operated through, the NSW Environmental 
Planning and Assessment Act 1979. 98 
Under this Act, for the preparation of State 
Environmental Planning Policies (SEPP), the choice of matters 
considered to be of 'environmental planning significance' is 
entirely at the Minister's discretion. 99 The legislated 
advisory role of the Coastal Council may have a direct effect 
on the SEPP. However, the nature of the effect would depend 
on the Minister. With the preparation of the Local Environment 
Plans (LEP)lOO in accordance with SEPPlOl and with regard to 
environment study, there is greater scope for environmental 
matters to be taken into account. However, it is left to 
local planning instruments to apply the policies to land 
development application. This is contrary to the statutory 
planning carried out (i.e., zoning schemes only) prior to 
1979 legislation. 
74 
Under the 1979 Planning Act, there is scope for 
'planning for conservation' which assumes that conservation 
cannot be carried out without adequate environmental planning. 
The degree to which this is carried out depends on the will of 
the planners and, finally, the Minister himself. As the 
selection of matters of environmental significance rests with 
the Minister, the planning of policy would likely be influenced 
by political and other pressures. As the Coastal Council is 
only an advisory body, the effectiveness of its voice would 
again depend on the Minister. 
Environment Assessment 
Further environmental protection (of wetlands) could 
be possible through the provision in the 1979 Planning Act, 
which states that a development application shall not be granted 
without the concurrence of the Minister ·or public authority as 
provided for in the Environment Planning _ IQstrument. 102 Under 
S.111, a determining · au~hority, in consideration of an activity, 
shall: 
Notwithstanding any provisions of this Act or 
the provisions of any other Act ... examine and 
take into account to the fullest extent possible 
all matters affecting or likely to affect the 
environment by reason of that activity. 
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'Environment' includes 'all aspects of the surroundings of 
man, whether affecting him as an individual or his social 
groupings' . 103 The determining authority is defined to mean 
a 'Minister or public authority ... by or on whose behalf the 
activity is or is to be carried out or whose approval is ... 
required. 1104 Activity is defined to include work or project 
for which approval or recommendation or formulati~n of a 
proposal is required; work for which the approval of a 
determining authority is required; or work for which expenditure 
is incurred by,or on behalf of,the determining authority or any 
105 
other person. However, the assessment of environment impact 
of development is left on the developer. 
The definitions of the determining authority's 
activity are so broad 106 that any work either carried out or 
approved will have to comply with S.111. As the Act binds 
107 the Crown, any public authority carrying out any activity 
will have to examine to the 'fullest extent possible all 
matters affecting or likely to affect the environment.' 
In the case of designated development, a determining 
body has to examine and consider an Environment Impact statement 
(EIS) before making the final decision to approve or disapprove 
·th · h d' · 108 wi or wit out con ition. A designated development is any 
class or description of development which, because of its 
nature, size or location, is likely to have a major impact on 
109 
an area. Designated development may be prescribed in any 
EPI110 or by regulation. 111 The EPI may also prescribe112 
the authorities whose concurrence is required before a final 
d · · . d 113 h 114 . ecision is ma e . Te Coastal Council could have direct 
effect in advising the Minister about including wetlands and 
adjacent areas in the designated development category. 
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The multi-level designation of development ought 
to allow concepts such as the cumulative effect of individual 
proposals to be fairly appraised. This would occur in a 
situation where a single proposal of wetland reclamation might 
not affect the amenities of a community, but the approval of 
a large number of projects could have significant impact. 
This type of problem, under the present Act, could be more 
easily dealt with at a regional level. Also, the preparation 
of an EIS could be called by government authorities other than 
local councils even for projects totally within a local 
governments area with local impacts. This may ensure that 
broader environmental issues may be considered before a 
development application is granted. 
However, as the Act does not define what is to be 
designated or what constitutes a significant environmental 
concern, the designation would depend on the government's view 
of 'development of environmental signficance'. This may, to 
a large extent, depend on public pressure. This approach is 
responsive only and may not guide or objectively determine 
designation. It is possible to provide for 'the factors _to 
be taken into account when consideration is being given to 
the likely impact of an activity on the environment,• 115 and 
the methods of examination of environmental impact statements. 1 l 6 
Nevertheless, if designated development is to be considered 
impartially and comprehensively, the consent authorities must 
be experienced and qualified to consider environmental matters 
broadly rather than, as is usually the case, narrowly. For 
this reason this approach_may not work very effectively. 
( 
' 
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It should be noted that in the case of development 
that could affect wetlands (development in coastal zone in 
general) the concurrence of the Minister for Public Works is 
compulsory under the Coastal Protection Act. It is not clear 
from the Acts what the relationship between the Coastal 
Protection Act and the Environment Planning and Assessment Act 
is. It may be that the areas to ·be designated would include 
coastal zones and the Minister for Public Works may be one 
such authority whose concurrence will be needed. 
Similar procedure may be adopted for dredging and 
reclamation works. Under the Fisheries and Oyster Farms 
Amendment Act 1979, the consent of the Minister administering 
the Act is needed for dredging and reclamation works carried 
out or approved by local government authorities. 
Under the NSW Planning Act 1979, there is greater 
scope for environmental matters to be taken into account, when 
various development applications are considered by the various 
state authorities. The Act also provides for greater public 
participation at the planning as well as subsequent stages. 
Any person can make submissions with respect to draft SEPP117 
REP, 118 and LEP119 . Members of the public 
could make written submission on an EIS prepared by the 
proponent in the case of designated development of, or where 
it has been considered by determining authority that the 
. t ld h . . f. ff h · t 12 O proJec wou ave signi icant e ect on t e environmen. 
121 Those objecting to the EIS and application could appeal to 
the Land Environment Court against the decision of the consent 
authority within twenty-eight days of the granting of consent. 
Any person could bring proceedings in the Court, whether or 
not any right of that person has been or may be infringed 
122 by or as a consequence of that breach. The proceedings 
could be brought by an individual, body corporate or 
. t d 123 unincorpora e. 
This Act may be judicially more effective than the 
Commonwealth Environment Protection Act, 1974, particularly 
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in the case of designated development. This is because the 
legislation creates rights that may be enforceable by private 
individuals or corporate bodies. 124 The public would not have 
to show that they were affected or suffered any special damage 
125 to bring about proceedings in Court, as under Common Law. 
The NSW Planning Act 1979 could allow the decision makers 
to move towards conservation of environment (wetlands) from 
an ecological viewpoint rather than from that of management 
of environment mainly (only?) from economic and physical needs 
of man. 
It is difficult to say how effectively the provisions 
of the NSW Planning Act would be used by the decision-makers. 
Possible effectiveness of such a legislation in the context 
of wetland conservation can be seen in an American example. 
The Corps of Engineers traditionally issued permits under 
Rivers and Harbours Act 1889126 for works in navigable waters, 
unless the proposal interferred with navigation. However, 
they departed from this myopic approach and in 1970, denied 
a permit to fill 11 acres of tidelands (wetlands) in Boca 
Ciega Bay, Florida,on the grounds that the fill would be harmful 
to fish and wildlife. The 5th US Court of Circuits of Appeals 
127 held that in the case of Zabel v Tebb the Corps of ,,; 
Engineers had properly taken conservation and environmental 
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factors into account as well as navigational considerations. 
This was based on Fish and Wildlife Co-ordination Act of 1959 
and National Environmental Policy Act of 1969 which required 
consideration by federal agencies of environmental aspects 
other than missions assigned to them by respective laws. 
The Supreme Court declined to review the case thereby letting 
the Court of Appeals decision stand. 
POSSIBLE FEDERAL INVOLVEMENT IN CONSERVATION OF WETLANDS 
Federal involvement in environmental matters is 
indirect and oblique in the sense that if a resource falls 
within the subject allocated under the constitution, then the 
extent of allocation may properly and constitutionally be dealt 
with by federal bodies. 
Under the Coastal Waters (State Powers) Act 1980, 
the States have jurisdiction over land and water up to 
t . t . 1 1 · . 128 erri aria imits. While the constitution may not give 
direct jurisdiction over wetlands (environment) to the 
Commonwealth, it could facilitate a system whereby the states 
play a major part in legal regulation and administration while 
the Commonwealth serves to co-ordinate inquiry, provide general 
policy formulation and standard setting, and specify budget 
priorities by direct conditional grants or influence state 
129 decisions in the spending field in other ways. 
An example of such indirect and oblique involvement 
can be seen in the protection of environment through the 
Environment Protection (Impact of Proposals) Act 1975. Under 
the Act, it is mandatory for public authorities to obtain 
Environmental Impact Statements and to 'ensure, to the greatest 
extent that is practicable, that matters affecting the 
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. . . f 11 . d ' 13 O environment to a significant extent are u y examine ... 
Different views have been expressed about the judicial 
enforceability of the Act. 131 It has been argued that the 
Commonwealth Act itself achieves nothing, except when it 
. . . . h h . . 132 operates in conJunction wit ot er statutory provisions. 
While the Federal Government may not have direct 
constitutional control over environment, it could indirectly 
derive powers from its ratification of International Conventions. 
The Commonwealth could legislate for the carrying out of 
obligations under its external affairs powers and its rights 
d b . lf d h . 133 un er agreements etween itse an ot er countries. 
Thus, under the 'Convention on Wetlands of 
International Importance especially as Waterfowls Habitat', 
the Commonwealth is under an obligation to 'promote the 
conservation of wetlands and waterfowls by establishing nature 
. 134 135 
reserves ... and provide for their wardening.' ' Another 
international agreement (relevant to wetlands) which has been 
signed by Australia is the 'Agreement between Australia and 
Japan for the Protection of Migratory Birds and Birds in 
f . . d h . · . , 136 Danger o Extinction an t eir Environment. Wetlands are 
used by the migratory birds for feeding and resting purposes. 
For example, 37 of the 66 species of the wading birds listed 
in the Japan-Australia Treaty on migratory birds, are found 
in the Botany Bay estuary (wetlands included) . 137 
Under the National Parks and Wildlife Conservation 
Act 1975. (Cth), the Governor-General may proclaim an area to 
138 be a park or reserve for the purpose of 'facilitating the 
carrying out by Australia of obligations under, or the exercise 
by Australia of the rights under agreements between Australia 
h • I 139 and ot er countries. Such parks or reserves are vested 
h · 14 O h h . d f t. . 1 d. th int e Director w o as wi e unc ions inc u ing e 
administration, management and control of parks and reserves 
and conservation and control of wildlife. 1411142 
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An effective source of federal control could be 
facilitated through its control of the purse. Specific policy 
guidelines could be laid down by the Commonwealth in relation 
to wetland conservation and funds made available for projects 
either initiated by the States or the Commonwealth. The 
significance of financial control is seen in federal grants 
to states for specific environmental purposes such as soil 
. d . 143 conservation an nature conservation. 
The policies of the Australian Heritage Commission may 
be more effectively applied to the conservation of wetland in : 
terms of the Commission's functions relating to the granting of 
financial assistance 'to states, local government bodies and 
other organizations or persons for conservati9n, improvement or 
preservation of the national estate. •144 'National estate' 
is defined to include 'those places, being components of 
natural environment ... that have aesthetic, scientific or 
social significance or other special value for future 
t . 11 f th . ,145 genera ions as we as or e present community. 
Further use of financial control could be facilitated 
by setting specific environmental policy guidelines. The 
Environment Protection (Impact of Proposals) Act (Cth) 1975, 
extends to cover matters in relation to financial assistance 
146 to the States. Thus in granting funds, the Act could be 
used to ensure that wetland protection is maintained or 
enhanced. 
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Existing legislation regarding land-based activities 
in the coastal zone are fragmented. There are a number of 
institutions present whose objectives relate mainly to 
development, economic growth and 'progress', whether by 
private sector or by public authorities in charge of various 
service facilities. 
The development of estuarine wetlands is under three 
authorities, each carrying out its single purpose objectives 
and each adopting the problem centered approach. The local 
councils regulate development above mean high water mark and 
reclaim wetlands to 'solve' the problem of sanitary disposal; 
thus also provide recreational facilities. The Lands 
Department grants permissive occupancy lease for Crown Lands 
beyond high water mark for the purpose of canal type 
residential development, construction of jetties etc. The 
Public Works Department, the Maritime Service Board, and in 
few cases the Local Councils,dredge and deepen rivers for 
navigational purposes and in some cases reclaim foreshores 
by disposing the dredge-spoils. The Minister administrating 
the Fisheries and Oyster Farms Act, has limited powers in 
respect of the cutting of mangroves especially for oyster 
cultures or allowing access. 
The protection (and development) of wetlands is 
also fragmented, with different authorities controlling 
different aspects and parts of the estuary (wetlands). The 
local councils have the control of some aspects of pollution 
and waste disposal which could be of immediate health risks. 
The Minister administering the Fisheries Act can indirectly 
protect wetlands through S.34(2) of the Act. He has more 
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direct control over dredging or reclamation works carried 
out in the estuaries. While the requirement of the consensus 
of the Minister administering the Fisheries Act implicitly 
recognises that shallow waters and foreshores (wetland 
included) are important breeding and feeding grounds for 
estuarine and coastal fish, it does not apply to works 
authorised by the Minister for Lands or mining or navigational 
purposes. Once again man's immediate requirements takes 
precedence over long term environmental planning and uses. 
Under the Coastal Protection Act, 1979, the Public 
Works Department can bring about some co-ordination of 
development in the coastal zone and thus ensure that the 
policies adopted will not allow the destruction of wetlands. 
However, the policies adopted may vary from time to time; thus 
the Act is passive unless an order is published in the Gazette 
restricting specific uses and activities within the nominated 
areas. Nevertheless, the Minister could control virtually 
any activity. The Minister has to take into account only 
whether the development has any adverse effect on the coastal 
zone. In spite of this, it should be noted that the Minister 
for Public Works may carry out any works costing less than 
$1,000,000, which he feels to be in the 'public interest'. 
As we have seen earlier, works carried out under the Public 
Works Act and the Foreshore Improvement Act, have been 
responsible for degradation and destruction of wetlands. 
The Coastal Protection Act is a step forward in 
the protection of the coastal zone, even though there are 
few constraints on what the Minister for Public Works considers 
to be in the 'public interest' . 147 
The NSW Planning Act 1979 may bring about some 
co-ordination of development through the planning policies 
and designation of development in the coastal zone. This 
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could be facilitated by the Coastal Council, formed under the 
Coastal Protection Act. The Council is an advisory body only 
and its effectiveness would depend on the Minister for Planning 
and Environment. The Planning Act 1979 requires that any 
authority at any level of the government in reaching a 
decision about any development work should 'e*amine and take 
into account to the fullest extent possible all matters 
affecting or likely to affect the environment by reason of 
that activity' . 148 As the definition of environment is very 
broad, it could allow for a wide range of factors to be taken 
into account. In the case of designated development, an 
authority has to obtain an EIS and encourage public 
participation. The Act allows for appeals to be made by any 
individual or body. This ensures that in the case of designated 
development, the authority shall take the environment into 
consideration. Only time will decide how effective this 
legislation is in bringing about conservation of our resources. 
An example of highly effective and powerful coastal 
planning and protection legislation is the Californian Coastal 
Zone Conservation Act, 1972. The Act created State and Regional 
Commissions and by its procedures established that a proposed 
use of land or water in the Californian Coastal Zone is never 
-
a pr iori an act of local interest. Any person wishing to 
carry out any development within the permit area (coastal zone) 
has to obtain a permit authorising such development. As the 
Commissions are not state agencies in the sense of being part 
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h d . . . 14 9 h . , f . oft e governors a ministration, t ey are in a ortuitous 
position' as they can, and also do, allow or oppose any 
development by other State agencies. 150 
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CONCLUSION 
An ecosystem, with minimal human intervention, maintains 
an ecological balance, though it is dynamic and gradually 
shifting over the evolutionary time scale. The mangrove 
ecosystem is very complex because of its open nature. Mangrove 
wetlands, as found on the land-water interface, link the 
aquatic and terrestrial systems and are an integral part of 
the estuarine/coastal ecosystem. They support a wide range 
of flora and fauna and commercial fish, while maintaining the 
shore stability and water quality in general. However, more 
research needs to be carried out to understand the nature 
and the degree of dependence of the flora and fauna of the 
mangrove wetlands. 
The mangrove ecosystem is a self-maintaining unit 
responsive to geomorphological and biological processes and 
to interaction with the contiguous ecosystems. As a result of 
human activity in the catchment area and in the estuaries, 
considerable stress is placed on the mangrove and estuarine 
ecosystems. The stresses are in some instances analagous 
to those emanating from natural causes. However, man-induced 
stresses tend to be of greater intensity, prolonged and non-
selective. The result is often an acceleration of the 
processes to which the system is unable to adapt rapidly 
enough. Figure 5 illustrates (and summarises) the · 
viability of the estuarine and coastal ecosy stem and its 
dependance upon processes on land as well as in water. 
FIGURE 5 
SEDI :-1:E:,T 
LOAD 
Scdir::en a t1 on 
l·J\ GR:··."E MiD 
I ar:, TH::: 
' PRODUC':'IOtJ 6 
94 
I ·TERRELA TIO SHIPS BETWEE PHYSICAL AD BIOLOGIC!tL PROCES ES IP 
THE [,JA GROVE ECOSY TEvf ( a dap ted from Rochford and ewell 
1974) 
TERhl: ,'R.!.J\l ECU...,YS':'t-,.'I : E~OSIO 
?ote.iti l , oil physical structure, 
groW1d c...,v,·r cctc. 
FRESHWATER IN PL'T 
ESTUARINE 
MORPHOMETRY 2 
1 
2s t arine l irculation 
~aintcn~ncc o f Salinity Ba lance 
POLLUTAflTS 
5 
Survival o f Organ isms 
I 
--------------[ STOCKS or FISa ' 
MOLLUSCS ETC . 
VIABILIT 'i OF 'lf!E E:STU/\RI IE AND 
CC'i\''TAL BIOS YSTE>l 
7 
3 
- ---------j 
Nutrie\t Sta t us 
I\ 
Dissolv 
F-RHL.\RY 
PRODUCTlOtl 
SED::':MENT 
LOAD 
Suspended Sediment 
Wate r Turbidi t y 
and 
I 
Man 's Intevention: 1. 
2 • 
3 • 
4 . 
Dams, weirs, diversions, drains 
5. 
6 • 
7 • 
Dredging and infilling 
Agriculture, Roadworks, 
Excessive nutrient load 
rainfall - runoff 
housing etc . 
from sewage, 
Pollution load in excess of flushing 
capacity 
Reclamation of mangroves 
Overfishing, effects of pollutants, 
reclamation of feeding and nursery 
areas 
95 
For an effective conservation and management plan for 
the mangrove ecosystem and the dependent fauna, particularly 
for the estuarine and coastal fisheries, the dynamics of the 
system need to be studied in more detail. It is also important 
to look at mangrove wetlands as open system and to study the 
mangroves as part of a wider trophic relationship in the 
aquatic environment. The governmental institutions involved 
in the decision-making regarding any development in the 
catchment areas could encourage conservation of the wetlands. 
Though the legislation and jurisdictions over control are 
fragmentary, conservation could be facilitated by the co-
ordination of the actions of the various institutions and the 
adoption of a wider environmental perspective. 
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